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ABSTRACT 

Dimensions of scientific literacy with regard to a 
theoretical definition were inferred for a group of science oriented 
persons, a group of nonscience oriented persons, and the two groups 
combined. Comparisons of the strength of agreement of the two groups, 
and of subgroups of the two groups, with the inferred dimensions were 
made. The sample consisted of five subgroups comprised of 37 
university pure science, 38 university applied science, 75 university 
nonscience, 100 public science, and 100 public nonscience persons. A 
theoretical model of scientific literacy was developed and used, to 
develop a 45 statement Q-set. Each person was asked to sort the Q-set 
in terms of "What should be expected of most high school graduates 
with regard to science?" A forced sort, five cards per nine piles, 
was required, representing a continuum from +4, MOST IMPORTANT, to 
-4, LEAST IMPORTANT. A questionnaire was administered to collect 
predictor variable data. . Relationships between the inferred 
dimensions and the predictor variables, (a) educational level, (b) 
amount of science education, (c) educational level of parents, (d) 
age, and (e) sex, were investigated. It was found, among other 
things, that membership in subgroups was more related to respondents" 
perception of scientific literacy than was membership in the two 
groups; and, in general, that an inverse relationship existed between 
educational level and valuing of inferred dimensions. (Author/SH) 
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One purpose for teaching science is to provide an as- 
pect of an individual's general education which will promote 
effective citizenship. This has been described as educat- 
ing for a scientifically literate citizenry. 

This study sought to infer dimensions of scientific 
literacy with regard to a theoretical definition for a . group 
of science oriented persons, for a group of nonscience ori- 
ented persons, and for the two groups combined. Compari- 
sons of the strength of agreement of the two orientation 
groups, and of subgroups of the two groups, with the in- 
ferred dimensions were made. Relationships between the in- 
ferred dimensions and the predictor variables (a) educa- 
tional level, (b) amount of science education, (c) educa- 
tional level of parents, (d) age, and (e) sex were in- 
vestigated. 



A Theoretical Model of Scientific Literacy was de- 
veloped and used to develop a 45 statement Q-set, the sci- 
entific Literacy Q-set (SLQ) . A questionnaire, the INFORMA- 
TION SHEET (IS) was developed to collect predictor variable 
data. Both instruments were piloted and refined until they 
were at an eighth grade reading level. Pearson's r was 
used to calculate intercorrelation coefficients after the 
SLQ was sorted in a test-retest situation; the average 
coefficient was 0.49. 

The sample consisted of five subgroups. There were 
thirty-seven university pure science persons, thirty-eight 
university applied science persons, seventy-five university 
nonscience persons, one hundred public science persons, and 
one hundred public nonscience persons. These persons were 
randomly selected from The Ohio State University faculty and 
from Franklin County, Ohio residents. 

The SLQ, the IS, and ancillary materials were mailed 
without prior consent to the selected persons. The instruc- 
tions asked them to sort the SLQ in terms of "What should be 
expected of most high school graduates with regard to sci- 
ence?" A forced sort, five cards per nine piles, was re- 
quired. The nine piles represented a continuum from +4 MOST 
IMPORTANT to -4 LEAST IMPORTANT. It was determined that 
forty persons did not receive the materials; 185 persons 
responded producing a 60% response. 



Descriptive statistics, correlations, factor analysis, 
analysis of variance, and regression analysis were used to 
analyze the data and/or test the null hypotheses. Seven in 
f erred dimensions of scientific literacy were developed. 
I. Scientific Inquiry - producing new knowledge through a 
synthesizing activity. II. Maintaining Current Awareness 
valuing people keeping abreast of new developments in sci- 
ence and technology. III. Valuing Methods of Science - 
valuing methods which scientists use in their work. IV. 
Personal Application of Science - applying scientific 
knowledge and "methods of science in daily lives. V. Dis- 
tinguishing Between Science and Technology - making the dis- 
tinction in terms of goals and results, also understanding 
how science and technology affect each other. VI. Utiliz- 
ing Factual Knowledge - knowing and using factual knowledge 
about nature. VII. Mutual Involvement of Science and 
Society - science providing mankind with new capabilities, 
also society providing supportive conditions for science. 

In addition to the inferred dimensions of scientific 
literacy several generalizations were developed from the 
data analysis results. Membership in subgroups was more 
related to respondents' perceptions of scientific literacy 
than was membership in the two orientation groups. The 
subgroups valued the inferred dimensions differently. In- 
dividual characteristics of respondents were related to 
their perceptions of scientific literacy. Sex and age 
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were weakly related usually in combination with other vari- 
ables. In general an inverse relationship existed between 
respondents' educational levels and their valuing of the 
inferred dimensions. Also, respondents with lower educa- 
tional levels whose parents had lower educational levels 
tended to value more practical aspects of the inferred 
dimensions. Science courses which respondents had taken 
were related to their perceptions of scientific literacy. 
In particular, high school science courses which the public 
nonscience respondents had studied were positively related : 
to their perceptions of scientific literacy. '' U ^^ '^:X<'^' 
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CHAPTER I 
INTRODUCTION „ 
Need for the Study 

Science in the Curriculum 

Fundamental determinants of educational directions, 
sometimes called the historical forces behind education, are 
usually cited to be economic, political, social, and reli- 
gious by nature. Perkinson (1968) examined a century of ed- 
ucation in the United States between the years of 1865 and 
1965 and succinctly demonstrated, how education has been an 
imperfect panacea in dealing with these forces. Rapid 
changes during the -Twentieth Century have wrought upon 
the schools even more forces. Fox (1969, chapter 2) argued 
that science and technology have come to be additional de- 
termining forces of educational directions. 

Concern for the inclusion of science in the education 
of youth has been recognized for many years. In the mid 
1700' s science was taught in the form of "natural history" 
and "natural philosophy." It was hoped that children would 
gain a better . understanding of God and would cling to ele- 
vated moral horizons. Still a century later "God was 
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explained by science and science by God." (Pella, 1967, 
P. 347) 

During the 1900' s science has been taught for varying 
reasons. It has been a means of training the mind, of 
bettering society, and of bettering the whole individual. 
During the Fifties and Sixties, science was taught in a dis- 
cipline-centered fashion; the intention was to emphasize the 
organization and methods of science. The curricula which 
. were developed toward this end have come to be labeled the 
ABC curricula. At the senior high level physics was the 
thrust of the Physical Science Study Committee (PSSC) and 
Harvard Project Physics (HPP) ; chemistry was the thrust of 
the Chemical Bond Approach (CBA) and the Chemical Education 
Materials Study (CHEMS) ; and biology was the thrust of the 
.Biological Sciences Curriculum Study (BSCS). At the junior 
high level Introductory Physical Science (IPS) emphasized 
chemistry and physics, and the Earth Science Curriculum Pro- 
ject (ESCP) emphasized the earth sciences. 

The above mentioned discipline curricula and others 
recently developed have been for the most part accepted as 
strong, positive developments by science educators. How- 
ever, not all students experience all or any of these in 
their classes. Schlessinger , et al. , (1973, p. 147) indi- 
cated that the ABC curricula were on the average being used 
in approximately fifty percent of the nation's schools. 
Furthermore: 
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...for about three fourths of all school 
cmidren, their secondary school instruction 
in science includes no more than two years 
at the junior high school level and probably 
a .10th grade course in biology; probably 
fewer than 25 percent of all 18-year olds 
have studied chemistry, and no more than one 
in a dozen has taken a course called physics. 
(Belasco, 1970, p. 19) 

As science has been taught in the schools for various 
reasons so too has the curriculum changed. New content has 
been added; some has been deleted. On the whole, "The 
. gradual -process of curriculum change. .. (has) tended to re- 
flect the relatively gradual evolution of society itself." 
(Goodlad, 1966, p. 9) Presently, it seems science is taught 
in the schools for three basic reasons: 

(1) to prepare future scholars for the different 
disciplines of science; 

(2) to help individuals attain the necessary back- 
grounds for entry into technological occupations 
and professions; and s 

(3) to provide an aspect of the individual's general 
education which will promote effective citizenship. 

(Clem, 1950; Baily, 1957; Hurd, 1958; Behnke, I960; Kusch, 
1960; Waterman, I960; Ubel, 1961; Weaver, 1962; Johnson, 
1962; Evans, 1962; Wittlin, .1963; Shamos, 1963; Pella, 
1966; Korth, 1969; Broudy, 1972; Agin, 1974) 

For more than a decade scientists and other intellec- 
tuals have generally cited the need for scientifically lit- 
erate citizens. Science educators have been specific in 



clarifying this need. In a society that is scientifically 
and technologically oriented all people should be broadly 
educated in science, including its products, its processes, 
its philosophy, and its impact on society. (NSTA, 1964; 
Pella, 1967; Klopfer, 1969; Richardson and Showalter, 1969; 
Andrews, 1970; Belasco, 1970; Evans, 1970; NSTA, 1971; 
Agin, 1974) "The single most important goal of school sci- 
ence must be to prepare scientifically literate citizens for 
the future." (Gatewood, 1968, p. 20) Hurd (1970, p. 14) 
claimed "The broad goal of science teaching ought to foster 
the emergence of an enlightened citizenry, capable of using 
the intellectual resources of science to create a favorable 
environment that will promote the development of man as a 
human being." 

However, to forestall any belief that the argument for 
education to include science for all individuals has occurred 
only recently, one should heed a statement attributed to 
Benjamin Franklin by Agin (1974, p. 404). Writing in 1749, 
Franklin stated: 

With the History of Men, Times, and 
Nations, should be read at proper Hours and 
Days, some of the best "Histories of Nature," 
which would not only be delightful to Youth; 
...but afterwards of a great use to them, 
whether they are Merchants, Handicrafts, or 
Divines; enabling the first the better to 
understand Commodities, Drugs, etc., the 
second to improve his Trade of Handicraft by 
new Mixtures, Materials, etc., and the last 
to adorn his Discourses by new Proofs of 
Divine Providence. 
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Schilling (1959, chapter 5) analyzed the essence of 
science. He saw science as: (1) a Body of Organized 
Knowledge, (2) a Way of Knowing, (3) an Area of Experience, 
(4). a Foundation of Technology, (5) an Intellectual and 
Moral Influence, and (6) a Social Enterprise. Fox (1969) 
and Hurd (1970) suggested that emphasis in science education 
during the last two decades has been on science as a "Body 
of Organized Knowledge" (product) and science as a "Way of 
Knowing" (process) . Separately, both Fox and Hurd empha- 
sized the need to concentrate on the other aspects of sci- 
ence because, the science courses are leaving youth unable to 
cope with the demands and problems of a science-oriented 
society. Hurd believed "The majority of adults are unaware 
of or are misinformed about the meaning of science and its 
influences on the material, social, and intellectual life of 

our time they have little insight into the meaning of 

problems which plague mankind today..." (Hurd, 1970, p. 13) 
O'Hearn (1975) illuminated the point that Fox and Hurd 

made. 

Non-rigorous examination shows that most texts 
are deficient in social and cultural implica- 
tions with varying degrees of coverage of the 
processes of science and the nature of science. 
It is clear that in some courses, reference to 
technological applications and social implica- 
tions, and applications of scientific knowledge 
have been systematically avoided or reduced. 
There is evidence that much work needs to be 
done if high school graduates are to be lit- 
erate in science. 



6 

Scientific Literacy — What Does It Mean ? 

In the early Sixties Robert Carleton, (at that time the 
executive secretary of the National Science Teachers Asso- 
ciation, NSTA) asked some of the nation's scientists and 
science educators, "What does it mean to be scientifically 
literate?" (Carleton, 1963, p. 33) The responses suggested 
that a person is scientifically literate if he understands 
the processes of science and if he is aware of the accom- 
plishments of several of the science disciplines. The 
statement by Hugh Odeshaw (at that "time the executive direc- 
tor of the Space Science Board of the National Academy of 
Science) was representative of the various replies to 
Carleton's query. "Scientific literacy can be defined as 
comfortable familiarity with the development, methodology, 
achievements, and problems of the principal scientific dis- 
ciplines. " 

By the mid Sixties scientific literacy had come to be 
defined more broadly. Haney (1966, p. 24) in a prepared 
statement for the Association for Supervision and Curriculum 
Development of the National Education Association stated 
that scientific literacy had six dimensions. 

1. The pupil should acquire knowledge which 
he can use to explain, predict, and con- 
trol natural phenomena. 

2. The pupil should grow in his ability to 
engage in the px cesses of science and to 
apply these processes in appropriate sit- 
uations as he. confronts them in his daily 
life. 
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3. The pupil should acquire the attitudes of 
scientists and learn to apply these atti- 
tudes appropriately in his daily experi- 
ences. 

4. The pupil should come to understand the 
various interrelationships between science 
and society. 

5. The pupil should learn numerous useful 
manipulative skills through the study of 
science. 

6. The pupil should acquire a variety of in- 
terests that may lead to hobbies and pos- 
sibly to a vocation. 

This statement introduced scientific attitudes and in- 
terrelationships between science and society as important 
aspects of scientific literacy, it also suggested that the 
person who is gaining scientific literacy will find personal 
pleasure and enjoyment through involvement in science re- 
lated activities. 

In the early Seventies a Committee on Curriculum 
Studies for the NSTA stated that the development of scien- 
tific literacy should be viewed as a con -.inuum. The end re- 
sult of this continuum would be a scientifically literate 
person who: 

1. uses science concepts, process skills, and 
values in making everyday decisions as he 
interacts with his environment 

2. understands that the generation of scientific 
knowledge depends upon the inquiry process 
and upon conceptual theories 

3. distinguishes between scientific evidence 
and personal opinion 
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4. identifies the relationship between facts 
and theory 

5. recognizes the limitations as well as the 
usefulness of science and technology in 
advancing human welfare 

6. understands the interrelationships between 
science, technology, and other facets of 
society including social and economic de- 
velopments 

7. recognizes the human origin of science and 
understands, that scientific knowledge is 
tentative, subject to change as evidence 
accumulates 

8. has sufficient knowledge and experience so 
that he can appreciate the scientific work 
carried out by others 

9. has a richer and more exciting view of the 
world as a result of his science education 

10. has adopted values similar to those which 
underlie science so that he can use and 
enjoy science for its intellectual stimula- 
tion, its elegance of explanation, and its 
excitement of inquiry 

11. continues to inquire and increase his sci- 
entific knowledge throughout his life 
(NSTA, 1971, pp. 47-48) 

This statement was much more comprehensive than pre- 
vious statements. It, like the others, emphasized products 
and processes of science. However, the need to perceive the 
interrelationships between science and society is explicated 
to include technological, social, and economic developments. 
This statement exceeded the others and implied a need for 
the scientifically literate person to understand and be 
familiar with the "nature of science." 
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Several definitions of scientific literacy have been 
offered during the last quarter of a century, within this 
time frame the definitions have differed considerably in 
content and comprehensiveness. (Carleton, 1963; Pella, 
1967; Klopfer, 1969; Daugs, 1970; Evans, 1970; Hurd, 1970; 
Agin, 1974; Showalter, 1974) One would be hard pressed to 
find that any one of the definitions was developed as a re- 
sult of intellectual input from many people with varying 
backgrounds and interests, it appears that at no time has 
any segment of the general public been asked to respond to 
the various definitions of scientific literacy. Stated in 
another way, individuals have not been asked to specify what 
they believe is important, or not important, with regard to 
elements of the dimensions of scientific literacy. "Many 
.individuals use the term 'scientific literacy' but fail to 
give it an adequate meaning; they assume that everyone knows 
what the concept means." (Agin, 1974, p. 405) By asking 
people from all walks of life to indicate what they value 
the most, or the least, with regard to specific elements of 
scientific literacy, a starting point could be established 
for giving meaning to the term scientific literacy. 

Scientif ic Literacy— Is It Instrumented ? 

As concerned writers have expressed a need for a sci- 
entifically literate citizenry, attempts have been made to 
assess levels of scientific literacy. These fall into two 
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broad types of assessment. First, researchers have been in- 
terested in only one particular aspect of scientific lit- 
eracy. Second, researchers have tried to assess levels of 
scientific literacy by using a battery of instruments or one 
instrument that covers several aspects. 

Figure 1 indicates some of the particular aspects of 
scientific literacy that have been a concern to various re- 
searchers. It is not comprehensive but is indicative of 
this type of assessment. 

Other investigators have attempted to measure several 
aspects of scientific literacy in their research. Leake and 
Hinerman (1973) used the Science Forms 4A, 3A, 2A and 1A of 
t he Sequentia l Tests of Educational Progress and the 
•Wisconsin Invento ry of Science Processes to measure compre- 
hension, reasoning abilities, and process skills in science 
of high school seniors. Gallagher (1969) described the use 
of eight tests to measure eight different aspects of scien- 
tific literacy of graduating seniors in the Test Every 
Senior Project. 

Richardson and Showalter (1969) sought to measure the 
effects of a unified science curriculum on high school grad- 
uates by developing the Abridged Scientific Literacy Instru - 
ment around three of the six general objectives of Haney's 
list (see pages 6-7). The three they chose were numbers 3, 
, 4, and 6. They recognized that scientific literacy is a 
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term frequently used by science educators and that science 
educators agree in a general way on the various dimensions 
of the term. However, to develop an instrument to account 
for all the aspects of scientific literacy was beyond the 
scope of their research. As .a result, important items such 
as numbers l, 2, and 5 of Haney's list were excluded in 
their instrument. 

Cossman, desiring to evaluate the success achieved in 
an experimental secondary school course, "Science and Cul- 
ture," designed -to foster scientific literacy, used six dif- 
ferent tests in his research. He stated: "Except for the 
case of substantive knowledge, available measuring instru- 
ments are few in number and typically still in experimental 
stages." (Cossman, 1969, p. 276) 

A major effort was undertaken in the summer of 1965 to 
define the achievements of American education in the area of 
science. This was part of the National Assessment of Educa- 
tional Progress (NAEP) . Test items were developed and ad- 
ministered to 28,000 nine year olds, 2 8,000 thirteen year 
olds, 28,000 seventeen year olds, and 10,000 young adults, 
twenty-six through thirty-five years of age. The major 
areas of assessment were: 

I. Know fundamental facts and principles of 
science. 

II. Possess the abilities and the skills needed 
to engage in the processes of science. 
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III. Understand the investigative nature of 
science. 

IV. Have attitudes about and appreciations 
of scientists, science, and the conse- 
quences of science that stem from ade- 
quate understandings. 

(Committee on Assessing the Progress of 
Education, 1969, Chapter 2) 

This national effort was impressive, and its continua- 
tion should bring increased knowledge and understanding . 
about the effects of science education in the United States 
However, Merrill (1970, p. 18) expressed criticism in that 
"The most striking feature (of the assessment project) is 
that almost twice as many exercises were administered to 
measure Objective I as were used for all other objectives 
combined!" in his opinion "The released information for 
Objectives II and III is rather scant, and for Objective IV 
•is so meager as to be almost worthless." 

Three years later, in 1972-1973, NAEP undertook a 
follow-up study using 230 questions that were used in the 
study described above. This represented approximately one- 
half of the original number of questions used with an aver-' 
age of seventy-six questions for each age group. (Ahmann, 
et al., 1975, p. 23) The results reported by NAEP (1975) 
indicated that nine year-olds, thirteen year-olds, and 
seventeen year-olds performed on the average less well in 
1972-73 than they had in 1969-1970. It has been suggested 
that some of the questions do not represent the present-day, 
school science curricula nor the emphases made in the 



14 

teaching of science (Howe, 1975). This suggestion and 
Merrill's comments about Objectives II, m, and IV should 
temper reactions to these gloomy findings. 

One senses that the state of the art of instrument de- 
velopment to assess scientific literacy is not well ad- . 
vanced. if scientific literacy is not well defined at pres- 
ent, how could it Le anticipated that a valid, integrated 
measure of scientific literacy should exist? "To date, no 
system has been developed for assessing student achievement 
in the identified areas of scientific literacy, other than 
knowledge, with occasional attempts to assess learning in 
the processes of science and in attitudes toward science." 
(O'Hearn, 1975) Building upon O'Hearn's ideas, Doran (1975) 
pointed out that "...some of the existing standardized and 
•research instruments. . .are totally or in part useful for 
measuring student progress toward scientific literacy, but 
they should not be the 'tail that wags the dog' and specify 
the objectives for scientific literacy." 

Scientific Literac y— What Does it Mean to the General Publi c? 

Learned writers often point to the impact of science 
upon the lives of the world's people. "One of the most re- 
markable characteristics of modern life is the completeness 
with which it is dominated by science and its sister subject 
technology." (Russell, 1955, p. 5) Many do not recognize 
this impact, but without it, life for them would soon be 
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non-existent. "Alt^gji 0 *>ly a s ixth of the world's popu- 
lation is in this c^tfV al t tiough only a seventh of the 
world's area lays w >t^ ir i b ot de rs, y e t the United States 
produces one-half ^ th* Void's manufactured goods." 
(Riggs, 1969, p. Oppe^e^t (1954, p. 89) suggested 
that neither wars ^p* d^af^rs cl iange lives as rapidly as 
does science. No iP^^^e^ on e generation follow another 
seeing little devi^i^ f r ^m established social patterns. 
Our ends and beginfcfh$ s haV e n ot much i n common. 

It has been s U ^ s te<a t^ a t tll e general mood of the 
people has now bec^ x^s s sn pp0l:t ive of science and tech- 
nology. After Wor^ ^ XX th<3 nation's military strength 
was seen as a safe^*^. tfov* many view it as a potential 
invitation to war ^ ^ ^e Sx> lt: of situations s Uc h as the re- 
'cent Vietnam Confl^t, T ne ^ is growing concern that the 
world is becoming ty/ A *pcPUl*tied- The conquest of many dis- 
eases and improved ^i£Ul t a* a j methods are both major fac- 
tors in this probl^)* tfitia^y, continual industrial growth 
is considered by ra^f © 5 * of the environment. (Price, 

1974, p. 97; Stein^/ Xyll, 2) 

Weinberg (197Q, P. I41) clawed that science and the 
resulting technology- ^ e o n t^e defensive from four fronts. 
Some journalists, a* 5 "scientific muckrakers, " pic- 

ture the scientific ^te^r> s e as a corrupt political or- 
ganization quibblii^ ^ittUn itself f 0 r "scientific dollars." 
Secondly, some legig^o^ * n fl administrators sense a 
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decline in the relevance of science as certain social £*o&- 
lems demand national attention. Thirdly, there are the 
"technological critics" who cry for a slowdown and redirec- 
tion of technology "because of its detrimental side ef- 
fects." Finally, there are the "scientific abolitionists" 
who claim that the scientific-technological mode has be*i> 
a catastrophe for the past 100 years. 

Shills (1974, pp. 2-3) stated that support for science 
is based generally on a belief in its efficacy and a belief 
in its ability tojsustain future life. He warned that 
"these beliefs are affected by the tides of mood and opinion 
which rise and fall in the ocean of the larger society." 

Etzioni and Nunn (1974) sought to gain an understanding 
of the public appreciation of science in contemporary 
•America. In their study the data base consisted of various 
public opinion polls and attitude surveys taken during the 
fifteen years preceeding their study. Using these sources 
for their only data base, the researchers recognized that 
their conclusions could at best be- only tentative. They 
learned little "about the factors, vectors," and dynamics 
underlying the status of science in the public mind 
today." (p. 202) Their major finding was that "the ovftt- ' 
whelming majority of the public seems to confuse science 
and technology and sees science in a very technological in~ 
strumental light." (p. 203) The researchers expressed, a 
need for an "encompassing, updated, analytic study." (p. 303) 
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It can be inferred from Etzioni and Nunn's statements 
that a meaningful study would be to determine what it is 
that people today value with regard to the scientific enter- 
prise. The public's appreciation of science and its inter- 
relationships with technology and society does not seem well 
understood. On one hand, science is valued; it is seen as 
a very positive influence upon our lives. On the other 
hand, science is not valued; it is seen as a negative influ- 
. ence upon our lives. often science is confused with tech- . 
nology and technology with science. Over a span of a few 
years the mood of the nation (influenced by the economy by 
war, by catastrophes, or whatever) tends to oscillate from 
positive feelings toward science, to no feelings, to nega- 
tive feelings toward science. 

An editorial in the Journal of Chemical Education 
(1972, p. 785) asked "...how can a society grow with science 
and technology without being devoured by them?" Many citi- 
zens see science as being able to find the correct answers. 
Many see science as a golden goose— a good science with 
happy solutions messianicly replacing hard difficult man- 
made decisions. 

Science and technology have made life more convenient 
without making it easier to live. This paradox often leaves 
people physically more comfortable but emotionally less com- 
fortable. Instead of using science and technology to tell 
us how to do things we have thought we wanted to do, we must 
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now use science and technology to decide what we really want 
to do. (Morrison, 1970, p. 22) 

Research in science education can be helpful in this 
effort. Kahn and Weiner (1067, pp. 398-399) developed 
soundly the need for future-oriented research. It can 
clarify, define, name, and expound major issues. It can in- 
crease the ability to identify new patterns and crises and 
can help to understand their character and significance. It 
can improve the administrative ability for decision-makers 
to react appropriately to the new and unfamiliar. A poten- 
tial direct consequence of future-oriented research would 
be to decrease "scientific illiteracy." Scientific illit- 
eracy is a barrier to the resolution of present day dilemmas 
that often exist when science is deployed towards social ob- 
• jectives. (Menchar, 1971, p. 35) 

The present state of affairs appears to commend itself 
to education of the public through the mass iiedia. In- 
creased use of educational television, newspapers and popu- 
lar periodicals could begin to remedy present public mis- 
understandings of science and its interrelationships to 
technology and society. (Seaberg, 1971, p. 15; Daddario, 
1974, pp. 141-142) 

...education for citizenship. . .every- 
body's education - will have to provide not 
only adequate knowledge of science in general 
...,but above all, understanding of the impact 
of science on fundamental aspects of human 
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existence. That , . . . , is -the central problem 
of education in the coming decades. Unfor- 
tunately, not much is being done about it. 
(Rabinowitch, 1971, p. 1149) ■'■ 

If in fact science does play a big role in the lives of 
people, there is a need to determine what people believe 
will best prepare high school graduates to face this. One • 
way to accomplish this is to ask persons what importance 
they attach to particular behaviors on the part of high 
school graduates with regard to science and its relation- 
ships to technology and to society. From their responses 
one should be able to make, at the very least, limited in- 
ferences about what constitutes scientific literacy in their 
minds. A more complete understanding of these inferences 
could then be gained if the inferences are compared on the 
basis of variables which might be an influence on the status 
of science in the public mind today. Finally, the results 
of such a study could be used as a basis for developing 
viable science education programs not only for the schools 
but also for out-of-school education. 

Scientific Literacy — Can It Be a Theoretical Foundation for 
Science Education ? 

It has been said that science education is not a dis- 
cipline, that, science education has no philosophy, no ra- 
tionale, nor no theoretical basis. Hurd (1971, p. 243) 
stated that a much neglected factor in science education re- 
search is theory base. Watson (1962, p. 277) nearly a 
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decade before leveled the same serious criticism of research 
in science education. Watson suggested the lack of a propo- 
sitional framework, or the lack of explicating one, had the 
eff,.:'c of leaving the results of research without meaning. 
Hurd (1971, p. 244) suggested that without a theory base we 
are left without a "...notion of the actual state of knowl- 
edge, the stature of the field, and the location of the 
frontier." instead, he called for "decision oriented re- 
search" which could contribute to alternatives, options, and 
directional probabilities in science education. 

In 1975 the cry continued for research which could be 
the initial foundation for a theory base in science educa- 
tion. Agin (1975), recognizing the lack of coherence in 
science education and science education research, explicitly 
• described science educators as "grasping at ideas and tech- 
niques like people at a bargain basement sale, and what we 
get most of the time isn't a bargain." 

To respond to the conditions described above, the 
National Association for Research in Science Teaching -~ 
(NARST) and the National Institute of Education (NIE) have 
outlined eight (8) areas to receive priority in future re- 
search (NARST-NIE, 1975). One of these priority areas is 
scientific literacy. The Commission believes that "Con- 
tinued restatement of specific goals and emphases appro- 
priate to the changing role of science education should be 
encouraged. " 
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Pella (1975) pointed out that the vocabulary in science 
education selected from many sources such as science, en- 
gineering, and philosophy "has been prostituted to the point 
where any one word, regardless of context, represents as 
many concepts as people who use it." Decrying the sad state 
of research in science education, Pella stated, "Because of 
inadequacies in conceptual vocabulary and frames of refer- 
ence for assessment the results of our research are con- 
tradictory. " 

Referring to ideas developed through the Center for 
Unified Science Education at The Ohio State University 
Showalter (1975) stated: 

There is general agreement in the science edu- 
cation community that the concept of scientific 
literacy is of very great importance in today's 
education in science. There is further agree- 
ment that the function of the concept of sci- 
entific literacy is to serve as a primary 
source of overall objectives for school sci- 
ence programs... A necessary precondition for 
developing instructional programs, intended to 
enable learners to achieve desirable levels 
of scientific literacy is a comprehensive and 
functional statement of the dimensions of sci- 
entific literacy and of the factors associated «♦•• 
with each dimension. (Showalter, 1975) 

Doran (1975) suggested that although scientific lit- - 

eracy as a concept was actively discussed in the middle and 

late 1960's as an overarching schema to conceptualize the 

goals of science education, it has recently been replaced by 

other concerns. Doran felt "the time is ripe for a 

•re-look' at what we are about " 
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Summary 

Prom the foregoing discussion the following needs have 
been inferred: 

1. There is a need to develop a theoretical definition 
of scientific literacy in order to: 

a. have a valid, comprehensive, and functional 
definition at the present time. 

b. facilitate communication in reference to the 
educational goal of developing scientifically 
literate citizens. 

c. provide a basis for developing science educa- 
tion programs which will enable students to 
attain appropriate levels of scientific 
literacy. 

d. provide a basis for developing an instrument 

to assess student achievement in the identified 
dimensions of scientific literacy. 

2. There is a need to ask persr-.s with varied educa- - 
tional, experiential, and environmental backgrounds' 
to specify the importance of each of several ele- 
ments of a theoretical definition of scientific 
literacy. 

3. There is a need to infer what constitutes dimen- 
sions of scientific literacy in the minds of the 
persons who are asked to attach importance to ele- 
ments of a theoretical definition of scientific 



44 



23 

literacy. 

4. There is a need to find correlates to the inferred 
dimensions of scientific literacy of the particular 
groups of persons. 

Statement of the Purpose 

The purpose of this study is to develop dimensions of 
scientific literacy for two groups of persons, science ori- 
ented and nonscience oriented, using their perceptions of 
importance of several elements of a theoretical definition 
of scientific literacy and to find correlates to these in- 
ferred dimensions. 

• Statement of the Problem 

The problems for this study are as follows: 

1. To infer dimensions of scientific literacy with 
regard to a theoretical definition of scientific 
literacy for each of two groups of persons, science 
oriented and nonscience oriented, and for the two 
groups combined. 

2. (a) To compare the strength of agreement of the 

science oriented group of persons and the non- 
science oriented group of persons with the 
overall inferred dimensions of scientific lit- 
eracy of the two orientation groups combined. 
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(b) To compare the strength of agreement of the 
subgroups of the two orientation groups (uni- 
versity pure science, university applied sci- 
ence, university nonscience, public science, 
and public nonscience) with the overall in- 
ferred dimensions of scientific literacy of 
the two orientation groups combined. 
3. To determine what relationships exist between the 
inferred dimensions of scientific literacy with re- 
gard to a theoretical definition of scientific lit- 
eracy for the groups of science oriented and non- 
science oriented persons and the variables: (a) 
amount of previous education; (b) amount of pre- ' 
vious science education; (c) amount of previous 
education of parents or guardians; (d) age; and 
(e) sex. 

Hypotheses 

The hypotheses of this study are as follows: 
Hypothesis l. (a) There are significant differences in the 

factor scores of the science oriented 
group of persons and the nonscience ori- 
ented group of persons on each of the 
inferred dimensions of scientific lit- 
eracy. 
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(b) There are significant differences in the 
factor scores of the subgroups of the 
two orientation groups of persons on 
each of the inferred dimensions of sci- 
entific literacy. 
Hypothesis 2. There are significant predictors or combina- 
tions of predictors among the variables: (a) 
amount of previous education; (b) amount of 
previous science education; (c) amount of pre- 
vious education of parents or guardians; (d) 
age; and (e) sex of the persons in the science 
oriented and nonscience oriented groups of 
persons and the inferred dimensions of sci- 
entific literacy. 

Definitions 

Science oriented person: a person whose occupation requires 
formal training, or its equivalence, in a science or 
science-related field. 

Nonscience oriented person, a person whose occupation does 
not require formal training, or its equivalence, in a 
science or science-related field. 

Theoretic al Model of Scientific Literacy (TMSL) : the theo- 
retical definition of scientific literacy developed for 
this study. 

Dimensio n of scientific literacy : a recognizable group of 
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behaviors within the TMSL which together define a par- 
ticular aspect of scientific literacy. 

Component of dimen sion of scientific literacy ; a recogniz- 
able group of behaviors which are a subset of a dimen- 
sion of scientific literacy. 

Element of scientif ic literacy ; a discreet behavior in the 
TMSL which specifies, expectations of the scientific 
literate person. 

Scientifically lite rate person ; a person who demonstrates 

the behaviors described by the TMSL at a specified cri- 
terion level. 

Scientifi c Literacy Q-set (SLQ) ; a set of forty-five (45) 
statements developed for this study which represents 
the elements within the TMSL. 

INFORMATION SHEET ; a questionnaire developed for this study 
designed to elicit information about (a) amount of pre- 
vious education; (b) amount of previous science educa- 
tion; (c) amount of previous education of parents or 
guardians; (d) age; and (e) sex. 

Respondent; a person who responded to the SLQ, the Informa- 
tion Sheet, or both. 

Inferred dimension of scien tific literacy ; the commonality 
believed to be shared by a group of SLQ statements. 

Assumptions 
This study assumes: 
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1= The persons selected to respond to the INFORMATION 
SHEET and the SLQ represent the groups of persons 
from which they were drawn. 

2. No systematic variance developed in the process of 
using a standard procedure for distributing and 
collecting data. 

3. The respondents completed the Information Sheet 
with integrity, that is, they supplied the correct 
information to the best of their knowledge. 

4. The respondents sorted the SLQ statements according, 
to the instructions. 

5. Each SLQ statement is equivalent in meaning to' the 
TMSL statement from which it was developed. 

6. Inferred dimensions of scientific literacy for a 
grouping of persons can be developed from their 
perceptions of importance of elements of the TMSL. 

Delimitations 

This study has the following delimitations: 

1. The study was conducted with public persons who 
lived within Franklin County in the state of Ohio. 

2. The study was conducted with university faculty 
members at The Ohio State University. 
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Limitations 

This study has the following limitation: 
1. Any finding related to this study cannot be gen- 
eralized beyond persons living within Franklin 
County, Ohio and faculty members of The Ohio 
State University. 

Overview 

Scientific literacy has become a term commonly used to 
delineate the basic goals of science education. However, 
the term remains somewhat in the realm of jargon. For this 
research literature related to science education was 
searched for descriptions of what it means to be scien- 
tifically literate. The TMSL was developed as a theoretical 
definition of scientific literacy and is the theory base 
for this study. 

Forty-five (45) elements of the TMSL were randomly 
selected. These were rewritten at an eighth grade reading 
level. Two pilot studies were conducted to refine these 
statements. The set of forty-five (45) statements became 
the SLQ which along with the INFORMATION SHEET was admin- 
istered to two types of persons, science oriented and 
nonscience oriented. 

There were four major results of the study. First, 
a set of inferred dimensions of scientific literacy was 
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developed for the g^tifc ot p erso ns . Second, a set of 

inferred dimension* ^nttf i c literacy was developed for 
the group of scien^ O^e^a* pe ts ons. Third, a set of in- 
ferred dimensions ^ ^ ci e nt i^ ic U teracy was developed for 
the group of nonsct^e o* ± en te a p er s on s . Four, a set of 
personal background ^i^e* v/h ic -n correlated with the in- 
ferred dimensions <^ ^jent^ic literacy was identified for 
each group of perst^* 

Chapter II is r a, u jt 0 f a r e vi ew of the literature 
necessary to develop ^ s ^ y . C ha P t er m describes the 
TMSL, the SLQ, the gjc^e 0 £ sconce oriented and nonscience 
oriented persons, t h # V a fi a pl*s c on sider e d in the study, the 
procedures used in t P* s * M y, a nd t h e analyses used on the 
data collected. Ch*fH x ly i* a description of the results 
of the analysis of t p* d ,t*, copter V contains conclu- 
sions, implications ^ ^e c ^ en a ationS re i a ted to the 
research. 
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CHAPTER II 



REVIEW OF THE RELATED LITERATURE 



Literacy 



One objective of this study was to examine the essence 
of scientific literacy. It would be well to illuminate 
literacy. In 1962 , UNESCO through its International Com- 
mittee of Experts on Literacy defined literacy as: 

A person is literate when he has acquired the 
essential knowledge and skills which enable 
him to engage in all those activities in which 
literacy is required for effective functioning 
in his group and community and whose attain- 
ments in reading, writing, and arithmetic make 
it possible for him to continue .to use it to- 
wards his own and the community's development 
and for the active participation in the life 
of his country. In quantitative terms the 
. standard of attainment in functional literacy 
may be equated to the skills of reading, writ- 
ing, and arithmetic achieved after a set num- 
ber of years of primary or elementary school- 
ing. (Curie, 1364, p. 12)' 

Stanley (1972) spoke out declaring that in the United 
States, and in Western culture, literacy is essentially 
technicist in nature and that a modern society often sub- 
ordinates human freedom to the dictates of its primary 
tcols, its technology. A technicist society is one char- 
acterized by sophisticated technology, by an inordinate 
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faith in technological capacities, and, most importantly, by 
bending human reason to the service of instrumental ra- 
tionality. "In such a society the 'ends' or purposes of 
instruments are not subjected to intensive rational analysis 
at the public level." (p. 375) He suggested that tech- 
nicism is a "radical disjunction between the application of 
reason to means as against ends." (p. 375) Four (4) iden- 
tifying elements of a technicist culture are: (1) a domina- 
tion of the notion of objectivity; (2) a metaphorical domina- 
tion of non-human domains such as from mechanics, biology, 
or engineering (this means a loss of metaphors from the 
"spontaneous dimensions of human existance" ) ; (3) speciali- 
zation or social division of labor; and (4) the. general pop- 
ulation yielding its responsibility for action, at a per- 
'sonal level, to society's technicians, people trained tech- 
nically. These factors contribute to the grave danger 
whereby the public resigns "to the dictates of expertise" 
and subsequently withdraws "into private hedonisms of con- 
sumer existance. . .accompanied by proliferating forms of re- 
fusal to endow the society at large with moral stature." 
(pp. 376-380) 

It is important to belabor the concept of a technicist 
culture in the context of this study of scientific literacy. 
Stanley illuminates the concept well using examples easily 
observable in the United States. 

1. stylish cynicism - refusal of esteem to anything; 
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2. internal flight - refusal of participation in the 
solution of social problems r migration from cities 
to suburbs; 

3. voluntary ignorance - refusal of hope that to know 
anything is to be able to change anything; 

4. sabotage - "ripping off the establishment," refusal 
of respect for public authority; 

5. spiritual neglect of one's children - refusal of 
the parental authority to represent society and its 
values to children; and 

6. doctrines of cultural revolution - refusal of 
legitimacy to the mythological foundation's of one's 
civilization. (p. 381) 

Other observations of world development complement and 
add meaning to Stanley's exposed 

In some developed cnuntries there seems to be 
.a disturbing trend towards diminishing inter- 
est in science and technology. In some ar- 
ticles appearing in periodicals , it is claimed 
that progress in science has made young people 
more selfish; that they now behave more as 
consumers than as responsible members of so- 
ciety. Some authors say that science has be- 
come an occult doctrine , which can be under- 
stood by a small and select group and that a 
gulf between general culture and scientific 
knowledge is very hard to bridge. (Teterin, 
1971, pp. 3-4) 

Bruner (1971) , the learning theorist and spokesman for 
the intellectual, science curriculum reform of the Sixties, 
has also noted a need for reflection on what it means to be 
literate. He has moved away from previous stances and new 
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believe*, a means must be found to bring society back to its 
values and priorities. He suggested that it is now time to 
de-emphasize the structure of the disciplines and to empha- 
size structure in the context of the societal problems now 
faced by the world. 

The implications for scientific literacy from these 
brief statements are clear. Scientific literacy must mean 
that a person is not willing to yield the dominion of knowl- 
edge to the societal elites but will remain personally com- 
mitted to acquiring the essence of new learnings. The sci- 
entifically literate person will actively scrutinize both 
the means and the predicted ends of instrumented action by 
public officials or their designates. The scientifically 
literate person will participate in the solution process of 
socio-technic problems of the world society. The. scien- 
tifically literate person will seeK to bridge the gulf be- 
tween general culture (with its j&ytha, values, morays, and - 
heritages) and the growing scientific knowledge with its 
resulting technology. 

Definitions of Scientific Literacy 

The call to educate for living- in a scientific and 
technological world is not new. Much has been previously 
written. Many of these writings have had an influence on 
science education during this century. (Whitehead, 1921; 
Becker, 1936; Bush, 1946; Bryson, 1947; Conant, 1947; 
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Russel, 1951; Brown, et al. , 1957; Basalla, 1968) 

Since 1963 (when Carleton first sought answers to, 
"What does it mean to be scientifically literate?") many 
definition ave been given to explicate scientific literacy 
The respons. T iven to Carleton (1963) essentially said, a 
person is scientifically literate if he understands the pro- 
cesses or cience and if he is aware of the accomplishments 
of several of the science disciplines. Carleton 's co3 lec- 
. tion of responses was drawn together at a time when the ABC 
curricula were being interwoven into American education. 
Examining Haney's list (1966) and NSTA's list (1971), one 
senses the change in thinking, by a great majority of educa- 
tors, during the years following the introduction of the 
first ABC curriculum, PSSC. 

The listing by Haney (1966, p. 24) is at a mid-point: 

1. The pupil should acquire knowledge which 
he can use to explain, predict, and con- 
trol natural phenomena. 

2. The pupil should grow in his ability to 
engage in the processes of science and to 
apply these processes in appropriate situa- ■ 
tions as he confronts them in his daily 
life. 3 

3. The pupil should acquire the attitudes of 
scientists and learn to apply these atti- 
tudes appropriately in his daily experi- 
ences. 

4. The pupil should come to understand the 
various interrelationships between science 
and society. 



5. The pupil should learn numerous useful 
manipulative skills through the study 
of science. 

6. The Fupil should acquire a variety of in- 
terests that may lead to hobbies and pos- 
sibly to a vocation. 

The 1971 statement of NSTA's Committee on Curriculum 
Studies was made during the maturing stage of the ABC cur- 
ricula in American science education. Because of change* 
society insightful people were beginning to state that sci 
ence education should be more than discipline-centered 
teaching. This change in thinking is reflected in NSTA's 
statement; the scientifically literate person. 

1. uses science concepts, process skills and 
values in making everyday decisions...; 

2. understands that the generation of scien- 
tific knowledge depends upon the inquiry 
process and upon conceptual theories; 

3. distinguishes between scientific evidence 
and personal opinion; 

- 4. identifies the relationship between facts 
and theory ' . 

5. recognizes the limitations as well as the 
usefulness of science and 'technology in 
advancing human welfare; 

6. understands the interrelationships between 
science technology, and other facets of 
society. . . ; . 

7. recognizes the human origin of science and 
understands that scientific knowledge is 
tentative. . . ; 

8. has sufficient knowledge and experience... 
(to) appreciate the scientific work car- 
ried out by others; 
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9. has a richer and more exciting view of 
the world as a. result of his science 
education; 

la. has adopted values similar to those which 
underlie science so that he can use and 
enjoy science for its intellectual stim- 
ulation, its elegance of explanation, and 
its excitement of inquiry; and 

11. continues to inquire and increase his sci- 
entific knowledge throughout his life. 
(NSTA, 1971, pp. 47-48) 

Scientists, science educators, and philosophers of sci- 
ence have all had definitions of what it means to be scien- 
tifically literate. Robinson (1968, chapter 12) presented 
a lengthy treatise on the nature and organization of scien- 
tific knowledge as it related to scientific literacy. He 
dealt with the nature of scientific thought; Man's view of 
the universe; the nature of science; the processes of sci- 
entific reasoning; the constraints of scientific reasoning 
(that is, assumptions, observations and operations, lan- 
guage, logic and mathematics, prediction, confirmation, 
validity, and models) ; intuition; and discovery. His writ- 
ing was a comprehensive treatment of the relationships be- 
tween the structure and processes of science. 

Kimball (1967-1968) wanted to compare scientists' and 
science teachers' understanding of the nature of science. 
After an extensive study of the literature on the nature and 
philosophy of science, he developed a model of the nature of 
science. The eight assertions in the model are important 
characteristics of science and possibly represent a 
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dimension of scientific literacy. 

1. The fundamental driving force in science 
is curiosity concerning the physical 
universe. . . 

2. In the search for knowledge, science is 
...a dynamic, ongoing activity rather 
than a static accumulation of information. 

3. In dealing with knowledge as it is de- 
veloped and manipulated, science aims at 
ever-increasing comprehension and sim- 
plification, emphasizing mathematical lan- 
guage as the most precise and simplest 
means of stating relationships. 

4. There is no one "scientific method" as 
often described in school science text- 
books. . . 

5. The methods of science are characterized 
by a few attributes which are more in the 
realm of values than techniques... 

6. A basic characteristic of science is a 
faith in the susceptibility of the physical 
universe to human ordering and under- 
standing. 

7. Science has a unique attribute of openness, 
both openness of mind... and openness of the 
realm of investigation, unlimited by such 
factors as religion, politics, or geography. 

8. Tentativeness and uncertainty mark all of 
science. Nothing is ever completely proven 
in science. . . « 

(pp. 111-112) 

Charging that. past science curriculum designers have 
"shied away from any direct consideration of the connection 
between science technology, society, and the individual," 
Hurd (1970) has substituted scientific enlightment for 
scientific literacy as the end result of today's science 
curricula. Hurd stated that the scientifically enlightened 
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person : 



sees the need to view the scientific enter- 
prise within the broad perspectives of culture, 
society, and history; 

appreciates the cultural conditions within 
which science thrives; 

expects that social and economic innovations 
may be necessary to keep pace with and to en- 
hance scientific and technological develop- 
ments with regard to both solving contemporary 
social problems and making it possible to use 
research knowledge for improving the condition 
of man; 

views science and technology as interrelated 
and dependent upon each other; however, he is 
also aware that they are not synonomous and 
that their goals are different; 

appreciates the universality of scientific en- 
deavors, their lack of national cultural and 
ethnic boundaries, and their potential for de- 
veloping bonds of understanding between coun- 
tries that can lead to worldwide cooperation 
in research; 

has some awareness of the need to generate a 
system of concepts within which science, so- 
ciety and the humanities can fit. (Hurd, 
1970, pp. 14-15). 

Daugs (1970) reasoned that scientific literacy is es 
tially growth along a continuum and is not an either-or si 
uation. a person is always "becoming" scientifically lit- 
erate. He felt that no one could be considered scien- 
tifically literate if the definition included: (1) under- 
standing science as a source of social change; (2) under- 
standing he relationship of science to the humanities; (3 
understanding the ethics that control the scientist in his 
work; and (4) rejecting myths and superstitions. Working 
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with these aspects of scientific literacy, Daugs contended 
that it is probably impossible to be completely literate in 
any field of science. 

It was suggested previously that definitions of scien- 
tific literacy have evolved from definitions containing only 
a few aspects (such as knowing and understanding the prod- 
ucts and processes of science) to larger, more elaborate 
definitions. This has been in part,_caused by changing needs 
within society itself. It is understandable then that 
writers would link scientific literacy to environmental con- 
cerns. O'Hearn (1972) and Longbrake (1974) alluded to the 
necessity of environmental education if scientific literacy 
is a part of the common education for citizenship. Through 
environmental education the public can begin to understand 
the difference between the short and long term social bene- 
fits or problems brought about by wise or unwise use of 
technology. 

The unified science education movement holds scientific 
literacy as "the basic premise of the whole approach." •• 
(Showalter, 1974, p. 1) Showalter posited his definition 
with seven basic dimensions of scientific literacy. The 
scientifically literate person: 

I. understands the nature of scientific 
knowledge; 

II. accurately applies appropriate science 
concepts, principles, laws, and theories 
in interacting with his universe; 
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III- uses processes of science in solving 

problems, making decisions, and further- 
ing his own understanding of the uni- 
verse; 

IV. interacts with the various aspects of 
his universe in a way that is consistent 
with the values that underlie science; 

V. understands and appreciates the joint 
enterprise of science and technology 
and the interrelationships of these 
with each other and with other aspects 
of society; 

VI. has developed a richer, more satisfying, 
and more exciting view of the universe 
as a result of his science education 
and continues to extend this education 
throughout his life; and 

VII. has developed numerous manipulative 
skills associated with science and 
technology. (p. 2) 

Klopfer (1969) projected science education into the 
future. To visualize what science education would be like 
in 1991, he used scientific literacy as the bas. , Only 
through literacy in science will a person be able to func- 
tion effectively in twentieth century culture. Being sci- 
entifically literate a person will be able to make intelli- 
gent choices about his personal well-being; will be able to 
judge and take action on issues related to science affecting 
every citizen; and will be better able to understand and 
appreciate the functions of science and technology in a 
transformed world. Klopfer offered these dimensions of sci- 
entific literacy: 
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1. understand the key concepts and principles 
of science; 

2. understand how scientific ideas are de- 
veloped; 

3. understand the process of scientific in- 
quiry; and 

4. understand the interactions between 
science and the general culture. 

Four (4) major research efforts have attempted to de- 
fine elements of scientific literacy by examining newspapers 
.and periodicals. Koelsche and Morgan's work (1964) was rep- 
resentative of the thinking of the late Fifties and early 
Sixties. They sought "to determine the scientific informa- 
tion needed by people in order to interpret and understand 
science articles they read in newspapers and magazines and 
to provide science curriculum study groups with information 
that could serve as a guide to design course content in sci- 
ence for general education." (p. 5 ) Science content as it 
was developed in the study referred basically to the first - 
two elements of Schilling's analysis presented in Chapter I. 

Twenty-two daily newspapers from various sections of 
the nation and nine of the most widely circulated magazines 
were subscribed to from November 1, 1962 until May 1, 1963. 
Articles, found within these publications, dealing in any 
way with science, were scrutinized for words or phrases 
which required a knowledge of science to understand. The 
words and phrases were categorized according to the science 
area with which they were associated, and the related 



science principle or concept for each word or phase was 
identified. 

Of the magazines , one had no science related articles 
at all during the six month period. The eight other maga- 
zines yielded 116 articles with biology being the pre- 
dominant field of related discussion, followed by physics. 
In the newspapers 2,883 science related articles appeared 

during the six months. A breakdown is presented in the 
figure below. 
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Figure 2 

frequency of Science Articles Appearing in Selected Publications 

Interestingly, the months of November and December 
yielded 62.0 per cent of the articles. Private releases 
contributed 45.5 per cent of the sources of articles. The 
median level of reading comprehension of the articles in 
both newspapers and magazines was at the eleventh grade 
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level with extremes at four and sixteen. It was estimated 
that erroneous statements with regard to science were made 
in less, than one per cent of the articles. 

Another study (Goldberg, 1966). had as its purpose "to 
determine the size and quality of the scientific vocabulary 
required to read the material related to science in The New 
York Times and in the political campaign literature produced 
by the Republican and Democratic Parties in. I960." it was 
. found that "Forty-six science words constituted a science 
vocabulary without whose understanding Americans could not 
be scientifically literate in 1960." 

Wood, Pella, and O'Hearn (1967-1968) in a study similar 
to that by Koelsche and Morgan analyzed the scientific and 
technical articles which appeared in twenty-two (22) capital 
city newspapers representing nine (9) geographical areas in 
the United States. Their study included 157 daily and 57 
Sunday editions over a six. month period. Some of the find- 
ings were that Sunday editions contained more articles per 
.edition than did the daily editions. These Sunday article's 
were also longer. Article themes fell into five (5) major 
classes: space, automation-cybernetics, disciplines of sci- 
ence, nuclear energy, and medicine. "The greatest propor- 
tion of the newspaper articles were classified as medicine 
(38%), followed by articles dealing with disciplines of 
science (33%), and space (22.5%)." (pp. 152-153) Tech- 
nology and resulting applications were predominantly 
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emphasized more than science. Few articles dealt with the 
processes of science. Over three-fourths (3/4) of the 
articles required some science knowledge by the reader; most 
of these articles dealt with biology as opposed to physics. 
Less than one-fourth (1/4) of the articles dealt with social 
implications of science or technology. 

A related study, by Pella, O'Hearn, and Gale (1966), 
was more comprehensive than the preceeding three (3) studies. 
, As a result it is often cited by others as a definitive 
statement about what it means to be scientifically literate. 
They sought to determine the referents pertaining to scien- 
tific literacy. The Reader's Guide to Periodic Literature 
and The Educa tional Index were searched for articles during 
the period from 1946 to 1964. Topics for searching purposes 
were: scientific literacy; science and/or technology and - 
the citizen; relationships or interrelationships of science 
and/or technology and society and social problems; relation- 
ships of science and technology; science and/or technology 
and culture; relationship between scientists and nonscien- - 
^tists; science and the public domain; science and general 
education; and the scientific and/or technological revolu- 
tion, in addition six science journals from 1950 to 1964 
were searched for articles. The card catalog of the Uni- 
versity of Wisconsin library was searched for relevant 
titles; two newspaper science editors were consulted; con- 
sultations with selected scholars at the University of 
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Wisconsin were held; and all bibliographic references cited 
in the analyzed documents were searched for relevant titles 
After analyzing documents it was determined that refer 
ents were becoming repetitive; an additional 34 documents 
failed to produce any new referents. Therefore, for 100 
documents a frequency for each referent was determined: 

1. science and society 67 

2. ethics of science 59 

3. nat ure of science 51 

4. conceptual knowledge 26 

5. science and technology 21 

6. science and humanities 21 

It was discovered that "attitude toward science" was used 
repeatedly, but that all documents used this phrase as "a 
means of pointing up one or more of t.he other referents..." 
(p. 200) 

Pella, O'Hearn, and Gale concluded: 

The scientifically literate individual 
presently is characterized as one with an 
understanding of the (a) basic concepts in 
science, (b) nature of science, (c) ethics 
that control the scientist in his work, (d) 
interrelationships of science and society, 
(e) interrelationships of science and the 
humanities and (f) differences between 
science and technology. 

Evidence from analysis of the literature 
concerned with scientific literacy reveals 
that knowledge of the (a) interrelationships 
of science and society, (b) ethics of science, 
and (c) nature of science are more important 
than (d) conceptual krowledge, (e) difference 
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between science and technology, and (f) the 
interrelationships of science and the hu- 
manities, (p. 206) 

Pella (1967) , authoring an article by himself, cap- 
sulized what he thought were the elements of scientific 
literacy. The scientifically literate person should: 

1. understand the interrelationships Letween 
science and society; 

2. understand the methods and processes of 
science; 

3. have knowledge of fundamental science con- 
cepts and conceptual schemes; 

4. understand the difference between science 
and technology; and 

5. understand the relationship between science 
ard the humanities or better still look 
upon science as one of the humanities. 

(pp. 348-352) 

It is interesting that two aspects of scientific lit- 
eracy, illuminated in Pella's, at al., research study as 
being quite important, were conspicuously left out in his 
description of a scientifically literate person a year later. 
Pella (1967, p. 348) suggested that the referents identified 
in the research project may not be' of much consequence be- 
cause the "data were the opinions of those who talk about 
scientific literacy." The dimensions of scientific literacy 
need further refinement in terms of definitions so thay may 
be assessed quantitatively and qualitatively. (p. 3^3) 

The early statements defining scientific literacy exem- 
plified by those reported by Carleton (1963) , emphasized the 
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understanding of scientific facts, concepts, and conceptual 
schemes. All of the later statements have followed suit, 
but by including these only as dimensions of scientific 
literacy. Pella, et al., (1966) suggested that these dimen- 
sions were of lesser importance as referents of scientific 
literacy than were others. Evans (1970) called these com- 
ponents of scientific literacy "literacy in science." Evans 
pointed out that just as the literacy in science of an in- 
• dividual scientist differs from one area of science to an- 
other, the level of literacy in science is different for 
individuals, that is, the scientist, politician, business 
executive, housewife, and science teacher. Yen he claimed 
it is possible for all of these persons to be scientifically 
literate. Although there is little agreement about what the 
minimal list of facts, concepts, and conceptual schemes 
should be that the scientifically literate person should 
command, it is generally agreed that citizens must be able - - 
to read, to interpret and to discuss scientific information- 
found in newsstand-type literature. 

Evans agreed that the referents identified by the re- 
search of Pella, et al., (1966) form the nucleus of a de- 
scription of a scientifically literate person. However, he 
added that "The scientifically literate person (l) possesses 
objectivity, (2) has faith in and values logical reasoning, 
(3) rejects myths and superstitions, (4) accepts conclusions 
when supported by data, (5) is critical and skeptical, (6) 
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displays the habit of weighing evidence, and (7) uses the 
methods of science to solve problems when the methods are 
appropriate." (p. 82) He reported, however, that even 
though scientific literacy is generally an accepted major 
goal of science teaching, little effort has' been expended to 
properly define the term. He suggested (p. 83) that "...an 
all-out effort to come to grips with the characteristics of 
scientifically literate persons and with the means of 
achieving these characteristics once they are identified,..." 
is a most pressing need at the present. 

In an invited paper presented at NARST's annual meeting 
in 1975, Pella (1975) again specified the requirements for 
scientific literacy. Referring to the citizenry of the 
United States, he suggested that the literate citizenry 
should be able to communicate about knowledge or ideas of 
nature of natural objects and phenomena and to communicate 
about the utilization and control of natural objects and ■- 
forces. The citizenry should be able to rationally use em- r ' 
pirical concepts and laws in adjusting to, explaining, and " 
predicting events within the environment. The citizenry 
should be able to read about scientific developments. It 
is aware of differences between theoretical concepts and 
laws and empirical concepts and laws in terms of (1) how 
they come into being, (2) how they are expressed, and (3) 
how they are used. With regard to scientific knowledge the 
citizenry should be aw,:re that it is probable in nature as 
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opposed to absolute and that it is developed for the em- 
pirical universe. The citizenry should be able to use sci- 
ence processes and be aware of regulatory principles which 
guide scientists in their work. 

In summary it may be stated that a scien- 
tifically literate citizenry understands some 
of the knowledge library of science, knows 
some of the limitations and potentials of the 
contents of the library, knows how and when to 
apply the knowledge library, knows where the 
contents of the library come from, and knows 
some of the regulatory principles involved in 
knowledge production and use. 

Assessment of the ABC Curricula 

Schlessinger, et al., (1973) made a 1970-71 survey of 
soier e teaching in the United States' public schools to 
establish "bench mark" data. The analysis of the data 
yielded an indication of the acceptance of the ABC curricula 
into the schools of the United states 'as of 1971. "The pop- 

'j ; ula tion consisted of all, public secondary schools in the 
United States that were listed in the state education direc- 

- tories for the 1969-70 school year." (p. 1) 0 f this popu- ' 
lation 6,398 schools were drawn as the sample to which ques- 
tionnaires were sent. Representative sampling was striven 
for with an elaborate, multi-stage random sampling technique. 

Analysis of the data allowed the research?rs to estab- 
lish approximate percentages of the types of courses offered 
in the public secondary schools. It was determined that 42% 
of the schools offered a course in general science; 26% 
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offered a course in life science; 48% offered a course in 
physical science (31% offered Introductory Physical Sci- 
ence) ; 16% offered a course in health science; 73% offered 
a course called biology (27% offered BSCS Green, 20% offered 
BSCS Blue, and 27% offered BSCS Yellow); 40% offered a 
course in earth science and 4% offered a course in geology 
(19% offered the Earth Science Curriculum Project); 69% 
offered a course in chemistry (34% offered the Chemical Edu- 
cation Materials Study and 4% offered the Chemical Bond 
Approach) ; and 66% offered a course in physics (33% offered 
the Physical Science Study Committee course and 12% offered 
the Harvard Project Physics course) . 

It appears that the science curriculum projects of the 
Fifties and Sixties have been instituted in approximately 
50% of the sample public schools in the United States. How- 
ever, the data analysis indicated that not all regains have 
adopted the new programs equally. The New England and Far 
West regions were mentioned most frequently as having 
greater percentages of schools using these programs. 

The sentiments of the nation were very positive in the 
mid-Fifties for curriculum reform in the sciences as a re- 
sult of poor performances turned in on military tests in 
science areas in previous war years. These positive senti- 
ments turned to demands after the launching of the Russian 
Sputnik in the fall of 1957. The science curriculum reform 
projects had common threads. Science was presented as a 



mode of inquiry, and the teaching-learning procedures often 
emphasized inquiry in the form of processes of science. 
Life-like experimentation was sought for in the laboratory 
exercises in the hope that scientific knowledge would be 
conceptualized. Generalizations, patterns, and mental 
models were developed in the teaching-learning situations 
in the hope that order and meaning could be achieved with 
what may appear to students as discrete and unrelated facts. 
• (Rutledge, 1973; Schwab and Brandwein, 1962; Goodlad, 1964; 
National Science Foundation, 1970) Fox (1969) summed ade- 
quately the beliefs that many held about the success the 
curricular projects had in the product and process objec- 
tives for teaching science. 

With more than a decade of investment of fed- 
eral resources in the development of new pro- 
grams suited to these ends and with the prodi- 
gious effort made to help teachers with these 
curricular innovations, it may be reasonable 
to assume that science education is making 
fair progress toward these two- objectives, 
(p. 13) 

Tyler (1973) suggested that citizens are adequately 
prepared in science when they can deal with the issues that 
confront them today and can understand the role and contri- 
butions of science in developing. the- modern world and its 
potential role in maintaining and improving society as a 
whole. This is the point at which criticism of the new sci- 
ence curricula begins. Fox (1969) saw the dominant and 
urgent problems of society rooted deeply in technology, and 
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hence, criticism must be made of the modern science cur- 
ricula because they do not illuminate the interrelatedness 
of science and technology. Neither do they address the com- 
ponents of the critical personal and social problems (such 
as youth alienation and loss .of self-identity) . 

Crane (1970, p. 22) questioned if the new curriculum 
projects "...are doing anything at all to the potential of 
students to be creative..." Belasco (1970) and Klohr (1974) 
have also been critical of the new science curricula. Both 
persons claimed that the curricula have not taken their 
place with the other disciplines such as English, social 
studies, history, or the arts, instead they have been 
overly emphasized as a part of the student's general educa- 
tion for becoming a literate citizen. This is most likely 
a backlash effect of the curriculum projects' discipline- 
approach. 

. Andrews (1970) -criticized the new high school science - 
courses as being "conspicuously aimed at the potential sci- 
ence major." He suggested that "If- high school graduates 
who study contemporary science emerge as scientifically lit- 
erate citizens, serendipity has played a significant role." 
(p. 30) 

Ulhorn (1970) and Schmidt (1970) reported studies of 
the image of the scientist among elementary students. They 
found that elementary students see scientists in long white 
lab coats; as chemical mixers; as skeleton examiners; as 
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having no time for family life or play; and as predominantly 
male. It was suggested that both the mass media of today 
and the students' experiences in the elementary classroom 
of today contribute strongly to these perceptions. (Schmidt, 
1971, p. 28) 

Pella (1967) after examining many of the new science 
programs (he labeled them "Government science courses") was 
critical of their ability to project the six referents of 
scientific literacy which he and others had previously de- 
veloped through research. He found that even though they 
stressed understanding rather than memorization of facts 
still they presented large amounts of factual information. 
Some attention was given to the ethics of science, but much 
less than was given to the concepts and processes of sci- 
ence. No mention was made of technology, per se, no.?, nf. 
relationship between science and technology. Likewise, 
nothing was done in the new- science curricula to develop 
either the social implications of science or the humanity 
aspects of science. He concluded that no curriculum pr-.ject 
or combination of projects, "has yet arrived at peri;, ction 
concerning the objective of scientific literacy." (p. 356) 

Assessment of Dimensions of Scientific Literacy 

This investigator perceives that science educators have 
assessed both explicitly and implicitly for scientific lit- 
eracy. That is, some investigators referenced their 
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assessment of certain dimensions of scientific literacy to 
a specific model of scientific literacy. However, other in- 
vestigators assessed particular dimensions, usually only one 
per investigation, without reference to any model vi scien- 
tific literacy. 

Explicit Assessment of Scientific Literacy 

Leake and Hinerman (1973) proposed to determine the 
level of achievement on two dimensions of scientific liter- 
acy, the ability to use the knowledge of process"*; of sci- 
ence and scientific knowledge. The instruments used in the 
study were the Wisconsin Inventory of Science ar-d tlvrf Ses.nen- 
tial Te sts of Educational Progress; Science . Their srn-iftat 
sample was randomly dra-m from the population of graduating 
nigh school seniors from small, medium, and large high 
schools in each of five college districts in the state of 
Missouri. 

They chose as sub-problems to investigate the degree of 
relationship between each of the two dimensions of scien- 
tific literacy and (1) total school enrollment; (2) percent 
of seniors going on to higher education; (3) average salary- 
of science teachers; (4) annual school science budget per 
student enrolled; (5) number of science credits required for 
graduation; (6) and the average size of science classes. An 
additional sub-problem was to determine if significant dif- 
ferences existed among mean scores on the instruments from 

76 



55 

the five geographic areas. 

Significant positive correlations were identified be- 
tween the two dimensions of scientific literacy and (1) the 
percent of seniors going on to college &nd (2) the total 
school enrollments. Variance, too great to be attributed to 
chance, was established with respect to geographic areas and 
mean understanding of the two dimensions of scientific lit- 
eracy as measured by the two instruments. 

Richardson and Showalter (1967) developed the Abridged 
Scientific Literacy Instrument using three of the six dimen- 
sions of scientific literacy identified -by Handy (1966) 
(see pages 34-35 of this chapter). items in the instrument 
were written as "situation - establishing statements fol- 
lowed by a seven-point-scale of which only the extreme 
points and the mid-point were explicated as possible re- 
sponses." (p. 46) Thus, the scale represented a continuum 
along which a respondent could mark his personal "position." 
The instrument was validated using seniors in a high school 
class and a panel of science educators selected from the 
membership of the National Association for Research in Sci- 
ence Teaching. The panelists were asked to respond to each 
item "...as he would expect an 'ideal' scientifically lit- 
erate person to do. . ." The responses of the panel "...cre- 
ated a kind of operational definition of scientific lit- 
eracy. " (p. 48) 
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The instrument was used in the study to evaluate the 
longitudinal effects of a four-year unified science cur- 
riculum on graduates from the Ohio state University High 
School. Attempting to control several variables (intelli- 
gence, schcol achievement, school setting, age, and sex) , 
the study indicated a general and consistent favorability 
for the graduates from the unified science curriculum as 
opposed to those graduates from the same high school not ex- 
periencing the unified science curriculum. Additional find- 
ings that resulted from the study were: (1) boys take more 
science in grades 9-12 than do girls'; (2) boys and students 
with higher levels of intelligence have a greater general 
interest in science; and (3) interest in science increased 
after the student? graduated from high school. 

Cossman (1969) sought to determine if an experimental 
course, "Science and Culture," could produce significant 
increases in students': 

1. understanding of the scientific process; 

2. understanding of scientists as an occupa- 
tional group; 

3. understanding of science as an institution 
and its relationship to other institutions 
in our society; 

4. ability to think critically; 

5. substantive scientific knowledge; 

6. assessment of the importance of theo- 
retical values; and 
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7. understanding of the character of scien- 
tific and non-scientific segments within 
the culture and their knowledge of the 
evidence for the interaction between them, 
(p. 276) 

Students were tested using the Stanford Achievement 
Test— Adva n ced Science , the Test On Understanding Science . 
the Facts About Science Test, .the Watson Glaser Critical 
Thinking Appraisal, and Study of Values , the "Iowa Science 
and Culture Achievement Test," and the "Science Opinion Sur- 
vey." The latter two tests are unpublished instruments de- 
signed for use with adults (Kindall, 1965). 

The results of the analysis indicated that pretreat- 
ment—posttreatment growth score differences between the 
comparison groups were significant at the .01 level on all 
tests except the Stanford Ach ievement Test— Advanced Science 
Cossman cited "...(l) the lack of emphasis that the experi- 
mental course places upon teaching scientific facts and (2) 
the much larger number of science courses taken by control - 
group subjects during the experimental peribd..." as poten- 
tial reasons for the one nonsignificant finding. 

Jaffarian (1968) had as one purpose of his study "to 
determine the level of scientific literacy as indicated by 
measures of subject matter knowledge, knowledge of the na- 
ture of science, and the academic science background of 
twelfth grade students" in Wisconsin. The instruments used 
were STEP— Science Form 2B , the ^ Wisconsin Inventory of Sci- 
ence Processes (WISP) , and a student questionnaire which was 
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used to collect information concerning the academic science 
background of the students. Two findings of particular in- 
terest were: (1) chemistry, physics, and advanced science 
were being studied almost exclusively by only those students 
planning to attend a college or university, and (2) physics 
and advanced science were courses elected only by students 
planning a college major in a scientific or technical field. 
Many persons in the United States never go on to college. 
If they have not studied physics or chemistry, it could 
leave them ill prepared to face the big role science plays 
in their lives each day. Also, they rm.iid be less effective 
in making decisions on issues related to science and tech- 
nology. 

Hamilton (1965) assessed the scientific literacy of 
Kentucky students. Among her findings were: (1) scientific 
literacy depends upon mental ability; (2) a positive rela- 
tionship exists between the number of science courses com-' '" 
pleted in high school and scientific literacy; and (3) the 
students' environment contributes to scientific literacy. ' 

Jones (1969) sought to determine if a physical science 
course could be so structured such that certain aspects of 
scientific literacy could be developed in college freshmen. 
He used the Sequential T e st of Educational Progress (STEP) : 
Science, Forms 1A and IB, to measure the students' abilities 
to apply methods of science and to measure the students' 
knowledge and understanding of scientific facts, concepts, 
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and principles. The Watson-Glaser Critical Thinking Ap- 
P raisal was used t° assess student progress in critical 
thinking. A modified version of the Attitude Scale de- 
veloped by Allen (1959) was used to determine if the. stu- 
dents developed favorable attitudes toward science and the 
scientific enterprise. 

The results of the study were not supportive of the 
physical science course. The results of the study indicated 
that those students who have knowledge and skill in science 
also have high scholastic ability. Critical thinking 
ability of the students was found to be directly related to 
their general scholastic ability and their knowledge and 
skill in science. The students' attitudes toward science, 
scientists, and scientific careers was directly related to 
their general scholastic ability. 

The Test Every Senior Project (Gallagher, 1969) was 
largely an endeavor to acquire baseline data concerning 
knowledge of and attitudes toward science of high school 
. seniors in schools affiliated with the Educational Research 
Council of America in Cleveland, Ohio. Eight aspects of 
scientific literacy were studied: 

a. knowledge of content; 

b. understanding and ability to apply pro- 
cesses of science; 

c. understanding the nature of science; 
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d. understanding the relationships between 
science and society; 

e. ability to read and interpret literature 
on science; 

f . critical thinking ability; 

g. attitudes toward science; and 

h. creativity. 

Eight separate tests were used to test 12,800 seniors. 
To accomplish this overwhelming task the survey design was 
such that each student took only one test. The tests were 
randomly distributed among the population in such a way that 
all eight tests would be given simultaneously in any class- 
room in which students were participating in the survey. 
Randomization amongst the students was accomplished by or- 
dering the tests randomly prior to packaging them for each 
student. 

The majority of the results of this project were re- 
ported only to the schools involved. However, Gallagher - 
(1969) reporting on aspects of attitudes toward science 
cited these findings. A comparison was made of students who 
took chemistry and/or physics to students who took neither 
of these courses. The former group demonstrated more favor- 
able attitudes toward science than did the latter. No dif- 
ferences were found between the two groups in attitudes Lo- 
ward scientists although girls demonstrated more favorable 
attitudes than did boys. The former group demonstrated more 
favorable attitudes toward science teachers and ther selves 
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as scientists than did the latter group. m these two com- 
parisons girls demonstrated more favorable attitudes than 
did boys, but the reverse was true with regard to themselves 
as scientists. Gallagher stated that cultural conditions 
influence attitudes as much as does education; drawing con- 
clusions from these findings must be done with care. 

In another description of the project Korth (1969) re- 
ported on the aspect of social aspects of science. It was 
• found that the group of students who had taken either 
chemistry and/or physics as compared to the group of stu- 
dents who had taken neither had a more positive attitude to- 
ward science, a better understanding of the nature of the 
scientific enterprise, and a more realistic conception of 
the characteristics of scientists. The results indicated 
that the latter group of students had serious misconceptions 
concerning the nature of science, the scientific enterprise 
and the interaction between science and society. There was- 
evidence that .even among the group of students who had taken 
chemistry and/or physics there was a confusion of science 
with technology, a tendency to agree with the idea of a sci- 
entific method, a failure to understand the nature of scien- 
tific knowledge, and a tendency to associate science with 
material products rather than acquisition of knowledge. 
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Implicit Assessment of Scient i fic Literacy 

Much study has been done in the area of attitudes con- 
cerning science. Summaries of many of these studies have 
been completed by Matala and McCollum (1957) , Boeck and 
Washton (1961), Miles and VanDeventer (1961), and Aiken 
(1969). Aiken (1969, pp. 295-296) reported that the ma- 
jority of studies concern "attitudes toward science" and 
deal with affect or feeling toward science in general or a 
particular science, other like or dislike type studies are 
the "attitude toward scientists" studies dealing with the 
activities engaged in by scientists or the kinds of people 
that scientists are thought to be. Some studies, however, 
deal with attitudes in a more cognitive way such as "scien- 
tific attitude," another term for adherence to or knowledge 
of "scientific method." 

Attitudes concerning science have been measured with 
checklists (Lewis and Potter, 1961); attitude scales such as 
the Likert-type (Allen, 1959); semantic differential tech- 
niques (Klopfer, 1966); projective techniques (Lowry, 1966); 
and even multiple measures (Blankenship, 1966). A few 
theory based instruments have been developed through which 
the investigator represents a pre-conceived idea of the as- 
pects of scientific attitude. (Baumel and Berger, 1965; 
Schwirian, 1968; Vitrogan, 1967; Allen, 1959) 

Korth (1968) attempted to assess student change in 
conceptions of the social aspect of science. He developed 
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for his research the Test On Social Aspects of Science . 
Steiner (1971) made a study of attitudes among high school 
seniors toward socially significant science-related issues, 
tie developed an Inventory o f Societal Issues instrument for 
his study. 

Brown and Brown (1972) developed an instrument to study 
scientific values. This was administered to professors of 
science and the humanities in their study. 

Understanding the "nature of science" is often spec- 
ified as being necessary if one is to be scientifically lit- 
erate. The Test Qn Understanding Science (TOUS) (Klopfer 
and Cooley, 1963) is used quite often as an instrument to 
assess this understanding even though it attempts to measure 
general attitudes and an understanding of the whole of sci- 
ence, it has been used at the junior high level to deter- 
mine the effectiveness of different instructional techniques 
(Wachs, 1966; Thomas, 1968; Mackay, 1971); at the senior 
high level with the new curricula: BSCS, CHEMS, and PSSC 
(Glass and Yager, 1970; Vjtoxel, 1968; Jungwirth, 1972; 
Woodman, 1972); and at the undergraduate level with pre-ser- 
vice teachers (Craven, 1966). 

An instrument dealing specifically with the "nature of 
science" is the Nature of Science Scale (NOSS) . it was de- 
veloped as a research instrument by Kimball (1968). The re- 
searcher constructed a model of the nature of science before 
developing the instrument, making the NOSS a theory-based 
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instrument. Kimball used the instrument in one part of his 
study to explore the understanding of the nature of science 
exhibited by science teachers compared with the understand- 
ing exhibited by scientists. He found that when science 
teachers had undergraduate majors in science no differences 
were found between science teachers and scientists in their 
understanding of the nature of science. 

Measuring an understanding of the processes of science 
has been attempted with various instruments. Welch and 
Pella (1967) developed the Inventory of Knowledge on the 
Processes of Science and Tannebaum (1971) developed the Test 
on Science Processes . Another instrument used in assessing 
students' understanding of scientific processes is the 
Wisconsin Inventory of Science Processes (Wood, 1972). 

A brief review of the literature soon reveals that many 
research studies have been undertaken in the hope of gain- 
ing a better understanding of concept development. Several 
of these have been conducted at the Wisconsin Research and 
Development Center for Cognitive Learning located at The 
University of Wisconsin.. Directed primarily by Dr. Milton 
0. Pella, these have been developed from a common goal — to 
gain a better understanding of cognitive learning of 
children and improving related educational practices. 

Stauss (1968), Helgeson (1968), and Carey (1968) fo- 
cused on selected concepts of the conceptual schemes of the 
biological cell, of force, and of the particle nature of 
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matter, respectively, in each of the studies mastery of a 
particular concept was judged in terms of knowledge, compre- 
hension, and application. These represented increasing 
levels of mastery. In each of the studies it was found that 
pupils in grades 1-3 could master several of the separate 
concepts at the knowledge and comprehension levels. Mastery 
of the concepts at the application level was accomplished 
primarily in grades 4-6. 

In Stauss' study age was not found to be significantly 
related to pupils' abilities to achieve mastery of a par- 
ticular concept at any one of the levels of mastery. This 
was within a particular grade level. He did find that the 
degree of relationship between concept test scores, regard- 
less of the level of mastery, and IQ was greater in grades ., 
4-6 than in grades 2-3. To the contrary, Helgeson did not 
find IQ to be related to concept test scores within a grade 
level for any of the levels of mastery. He did find that 
maturity, as indicated by grade level, was a factor in de- • 
termining mastery of the concepts. Carey found both IQ and 
grade level to be positively correlated with levels of 
mastery. 

Voelker (1968) and Pella and Ziegler (1967) studied 
concept development using different instructional tech- 
niques. In both studies IQ and past achievement in science 
and mathematics were not found to be significantly related 
to the ability of children in grades 2-6 to formulate the . 
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concepts. Pella and Ziegler also found the same nonsignifi- 
cant relationships with regard to grade level and age. 

Boles (1368) sought to determine the feasibility of 
teaching biological concepts to high school students th-ough 
instruction on the relationships of science and society and 
the social implications. of science. Statistically, this ex- 
perimental instructional approach produced significantly 
larger gain scores than did the traditional instructional 
approaches to teaching biology and social sc.Le-ce. Gain 
scores were shown to be independent of IQ. Stutter Is felt 
that the experimental instructional materials were • ,re in- 
teresting and less difficult than other science r«st trials 
with which they were familiar. 

Q-sort Technique 

Q-methodoloqy Versus R-methodoloc v 

Q-methodology has its origin in the Thirties. It was 
independently developed by William Stephenson (1935) and 
Sir" G. H. Thompson (1935). It Stephenson, however, who 
is most frequently associated v/ith Q. Brooks (1970, p. 165) 
reported that Stephenson developed Q from the traditional 
means of correlating and factor analyzing test responses— 
sometimes referred to as' R-methodology. Stephenson believed 
that a meaningful analysis would be to correlate and factor 
analyze the responses to the test items in terms of the per- 
sons who made the responses. The former, and more 
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traditional, an? lysis yields various groups of items which 
seem to measure different factors. The latter analysis, 
that suggested by Stephenson, yields various groups of 
people who have responded similarly to a set of items. 

During the ensuing years, much argument developed as to 
the similarities and differences of R and Q. Stephenson 
(1952, p. 483) labeled many of these arguments as super- 
ficial. Two of the primary comparisons to which he made 
.reference were: (1) "...all that is involved is a single 
matrix of data which when correlated down the rows is R, and 
along the columns is Q. " (p. 484 ) and (2) "if there are 
more persons than tests, then tests are correlated (R) , but 
if there are more tests than persons, then p ersons are cor- 
related instead (Q) . " (p. 4 83) 

Kerlinger (1973, p. 598) pointed out that Q- .thod..locv 
is not well-suited for testing hypotheses with large numbers 
of individuals. As a result, one does not often at ten,:!: to 
generalize, to the populations from vhich the Q-pers*. r*s e ,-e 
sampled. What is attempted is to test a theory on a small - 
set of subjects who have been carefully chosen for particu- 
lar characteristics which one has theorized they possess. 
On the other hand, R-methodology is well-suited for testing- 
hypotheses with large numbers of individuals and generaliz- 
ing the findings to the population universe. 
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Q-sort Tg-chnig ue 

In the literature the term "Q-methodology" has been 
used in reference to several ideas. Often authors use 
"Q-methodology" when discussing: Q-correlation; responses 
by card sorting; a specialized use of questionnaire items; 
forced responses so that data fall into preestablished dis- 
tributions; and factor analysis of Q-correlations. Q-sort 
technique has been closely associated with Q-methodology, 
but it is simply a means to collect data from people, it is 
the technique of Q-sorting that will be furthered illuminated 

Brooks (1970, pp. 165-166) described the Q-sort tech- 
nique as a procedure involving the selection of "something" 
that is directly related to a concept or a theory under 
examination. The "something" which is given to persons to 
select from may be single words, phrases, or even pictures. 
If verbal expressions are used, they are typed one to a 
card, shuffled, and given to a person with instructions to 
sort them into piles according to the extent of his agree- 
Jaent with the statements. "The purpose of the sorting is to 
get a conceptual representation of "the sorter's attitude to- 
ward the subject being considered - 'what is in his head'." 
(p. 166) Thus the Q-sort technique has the' advantage of 
allowing the individual subject to use his own frame of 
reference. 

A general review of the literature shows that the 
Q-sort technique is used as a research tool much more 
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predominately than is the Q-methodology used as a basis to 
formulate the research study. A review of science education 
literature revealed. three studies in which the Q-sort tech- 
nique had been used. Halterman (1969) used a Q-sort tech- 
nique to study the characteristics of effective science 
teachers. Deamer (1973) used a Q-sort technique to deter- 
mine the perceptions held by individuals involved with a 
science teacher education program. Her purpose was to de- 
termine what was most important to them about a field ex- 
perience, preparatory program. Mandelare (1973) used the 
Q-sort technique as a means by which secondary chemistry 
students could express their cognitive preferences of 
memory, application, principles, and critical questioning ' 
in their study of chemistry. These studies typify many 
others in which the Q-sort technique is used to collect 
data, evva though the research study is formulated with R 
postulates. The analysis of the data in these studies is 
traditional in the sense that responses with specific items' 
in the Q-sort are given prime attention, as opposed to tlie^" 
types of persons who made the responses. 

Structured Versus Unstructured Q-sorts 

As hinted above, one typically puts together a set of 
cards to form a Q-set in order to use the Q-sort technique 
in research studies. The Q-sets are either structured or 
unstructured. At least two reviews of the literature have 
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indicated which type of Q-set has most often been used. 
Wittenborn (1961, pp. 132-142) reported that the great 
majority of Q-sort studies used unstructured Q-sets. 
Kerlinger (1973, p. 587) reported the same finding. 

"An unstructured Q-sort is a set of items assembled 
without specific regard to the variables or factors under- 
lying the items." To develop an unstructured Q-set one 
gathers or writes several homogeneous items which presumably 
represent one broad variable. This set of items is like the 
set of items contained in an attitude measurement scale. it 
is not difficult to imagine that a theoretically infinite 
population of items could exist for a particular concept. 
The concern is to make the Q-set a representative sample of 
the item population. (Kerlinger, 1973, p. 587) 

Brooks (1970, p. 158) noted that the developer of a 
Q-set might desire to randomly draw items from a larger pop- 
ulation of items as a better means of developing a Q-set. ■• 
Still, the end result would be unstructured if the popula- ' 
tion of items was homogeneous with regard to one broad 
concept. 

Stephenson (1953, pp. 65-85) explicated the development 
and use of the structured Q-set. To develop a structured 
Q-set, one must create items which will correspond to a 
theory or a set of hypotheses one might desire to test. 
"Since the instrument is constructed to embody the theory, 
the sorting of items by known types of individuals can test 
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the hypotheses generated by the theory." (Brooks, 1970, 
p. 168) When the theoretical variables included within a 
theory are identified and items are developed which cor- 
respond to each of these variables, one is in a better po- 
sition to test the theory in operational terms. 

To structure a Q sort is virtually to 

build a "theory" into it In the use of Q 

as Stephenson sees it, individuals as such 
are not tested; theoretical propositions are 
tested. Naturally, individuals must do the 
sorting. And, Q sorts can, of course, be 
used to measure characteristics of individ- 
uals. But the basic rationale of Q, as 
Stephenson sees it, is that we have individ- 
uals sort the cards not so much- to test the 
individuals as to test "theories" that have 
been built into the cards." (Kerlinqer, 
1973, p. 588) 

Olson and Gravitt (1968, pp. 14-15) argued that the ' 
structured Q-set is superior to the unstructured Q-set since 
the former has a theory built into it and, the latter does 
not. When unstructured Q-sets are used in research studies, 
theories essentially remain untested. Goldberg (1962, 
p. 255) and Brown (1975) both suggested that when the con-.-r 
cept under study has three or four identifiable sub-areas, - 
the structured Q-set should have an equal number;, of items 
for each area so the theory involved can be fully repre- 
sented. The emphasis, however, is on full representation 
of the theory. 

There are extensive details in the literature to guide 
an investigator in developing a structured Q-set. Stephen- 
son (1967, pp. 19-20} summarized many earlier statements 
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about structured Q-set design by comparing the structured 
Q-set design . to an analysis of variance design. Kerlinger 
(1972) extended this idea. He claimed the structured Q-set 
"...has built into it. at least one partitioning of a dimen- 
sion or variable and follows. Fisherian analysis of variance 
design principles. Partitioning breaks a set down into sub- 
tests that are disjoint and mutually exclusive." (p. 5) 
Previously it was stated that the structured Q-set 
represents aspects of a theory such that the Q items are 
operational descriptors of the various facets of the theory. 
Kerlinger (1972, pp. 6-7) developed a discrete description 
of a structured Q-set following a one-way analysis of vari- 
ance design. 

A theory is about some phenomenon or set 
of phenomena and the relations between this 
phenomenon or set of phenomena and other phe- 
nomena. There is a universe, U, of aspects of 
the phenomenon. Within U there are subsets, 
A, B, and so on. These subsets can be par- 
titioned into further subsets A,, A , 

B 1# B 2 , Structured Q sorts consist of these 

sets and subsets. The task of the researcher 
m building a structured sort is to be able 
to define and describe the universe and the 
subsets and to obtain or write items that fit 
the final partitions of the structure. 

As with analysis of variance designs, structured Q-sets 
can be much more complicated than the design just described, 
Stephenson (1952, pp. 487-490; 1953, pp. 65-85 and pp. 114- 
338) developed the rationale for higher order variance de- 
signs and used many exemplars of these designs from research 
in psychology. Brown (1970) explicated the use of variance 
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designs and provided examples from research in political 
science. Kerlinger (1966, 1972, 1973) also discussed higher 
order Q-set designs and provided examples from research in 
social science. 

Validity is a term used in terms of measures, that is, 

test instruments. It cannot so aptly be applied to a method 

of collecting data. Cataldo, et al., (1970, pp. 209-210) 

stated, "A measure is valid if it measures what we intend it 

• to measure.... When there is no proven valid external measure 

of a property, ... ,f ace or content validity is often the best 

initial judgment that can be made." Jackson and Bidwell 

(1959, p. 226) addressed the issue of validity directly: 

Once the selection of items to be placed 
within each category has been made, the ac- 
curacy of the investigator's judgment may be 
checked through the use of competent judges. 
A panel of three or four judges may be asked 
to classify according to the statement of cate- 
gories, the tentative array selected by the 
investigator. The ratings assigned to each 
of the statements by the judges and by the in- 
vestigator may be compared through the use of 
Kindall's coeffecient cf concordance, intra- 
class correlation, or some similar device, 
which will indicate the extent of- a ireement 
among them and in so doing indicate the ade- 
quacy of the investigator's classification. 
The array so classified will then either be 
accepted or modified or perhaps subjected to 
further judging. 

The number of items in a Q-set has been bounded by 
recommended minimum and maximum limits. Schlinger (1969, 
p. 54) suggested that Q-sets should have sufficient items 
in order to establish stability and statistical reliability, 



93 



74 

"...but not so many as to overwhelm the respondents." she 
believed fifty-five (55) to seventy-five (75) items would be 
ideal. Kerlinger (1973, p. 584) also posited stebility and 
reliability arguments for his recommended ranged He sug- 
gested that "... the number should probably be not less than 
60 (40 or 50 in rare cases) nor more than 140, in most cases 
no more than 100. A good range is from 60 to 90 cards." 
Brooks (1970, p. 167) acknowledged that no stipulated number 
of statements must be selected, but the numerical range 
should be between fifty (50) and 100. Again, the argument 
is for stability and reliability. One must keep in mind 
that the stability and reliability arguments Aem from a 
Q-methodology perspective. if one operates from the R per- 
spective, these arguments are not as meaningful. In fact, 
one could use less than forty (40) cards, but because of 
respondent overload, one should not exceed the upper number 
limits. 



Forced Versus Unforced Sorting 

One of the most controversial aspects of the Q-sort 
technique in the literature has been forced versus unforced : 
sorting procedures for the Q-set items. The forced sort re- 
quires the subject to place the cards in a predetermined 
number of piles; each pile has a predetermined number of 
cards. By specifying the number of cards per pile and the 
number of piles the investigator controls the shape and the 
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scatter of the distribution curve. 

Brooks (1970, p. 169) offered an example of the forced 
sorting procedure. Given ninety items describing a person, 
the person is asked to sort the cards along a rank order 
continuum from "Most like me" to "Least like me" with vary- 
ing degrees between the extremes. This is exemplified 
below; the numbers signify the number of cards per pile. 

• Most like me Least Uke me 
3 4 7 10 13 16 13 10 7 4 3 
— 1 1 ' 1 1 1 1 1 | 1 | 

The center pile with 16 cards is neutral. • The 
statements in this pile may be ambiguous to 
the sorter or may be left over after he made 
other choices. The three statements or items 
m the pile at the extreme left are the state- 
ments the sorter believes to be most like him- 
self, while the three statements or items in 
the pile at the extreme right are the state- 
ments the sorter believes to be least like 
himself. (Brooks, 1970, p. 170) 

Brooks (1970, p. 170) offered other potential distribu- 
tions with differing numbers of cards and categories. These 
distributions were used in research by Block (1961), Knapp : 
(1963), and Goldberg (1963). 

The unforced Q-sort allows the sorter to place any num- 
ber of statements within a category and to use any number of 
categories. Olson and Gravitt (1968, p. 15) pointed out 
that sometimes maxima or minima are specified by the 
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investigator. This type of sorting procedure, sometimes 
called free-choice, allows the final distribution to have 
any shape and scatter. 

' Brown (1971, p. 283) cited the common argument against 
forced sorting. Such sorting "discards possibly important 
information in terms of elevation, scatter, and skewness." 
Cronbach and Gleser (1953, p. 461) have supported this argu 
ment strongly. They defined elevation as the "mean of all 
scores for a given person;" scatter as "the square root of 
the sum of squares of the individual's deviation scores 
about his own mean;" and shape as "the residual information 
in the score set after equating profiles for both elevation 
and scatter." Additionally, Gaito (1962) and Jones (1956)" 
leveled the same criticisms against forced sorting. 

Kerlinger (1972, p. 17) recognized that each time a 
coefficient of correlation is computed the elevation (means) 
and scatter (standard deviation) is lost which results in 
all individuals having the same general mean and the same 
general standard deviation. However, he argued for the 
forced distribution: 

Because all subjects do not "naturally" sort 
the cards into a normal distribution does not 
mean that a normal distribution or quasi-normal 
distributions should not be used. There are 
several reasons why subjects do not sort 
•normally': the sample of items, and so on. 
Furthermore, the distribution of traits may 
be normal, but subjects may of course not 
perceive the distribution in themselves. 
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Several studies have been undertaken to compare forced 
and unforced procedures. Hess and Hink (1959, p. 89) after 
a study of the two procedures concluded that "... the free 
and forced sorts do not give strikingly different results." 
Brooks (1970, p. 172) described a similar study in which 
subjects were asked to do a forced and unforced sort with a 
set of items. "when the subjects' unforced sorts were cor- 
related with their forced sorts, the mean for the 55 corre- 
. lations was found to be . 94 and only two correlation co- 
effecients were below .90." 

Brown (1971, p. 283) reported that other investiga- 
tors—in particular: Livson and Nichols (1956), Nunnally 
(1967), and Schill (1966)— have concluded that distribution 
shape does not matter. In 7 a theoretical study Brown (1971) 
developed eleven strikingly different, Q-sort distributions 
(skewed right, skewed left, normal, rectangular, platykurtic , 
leptokurtic, etc.. ) and compared the possible correlations of 
the results. He concluded, that the distribution does not 
noticeably effect correlation coefficients or factor loadings 
of these correlation coefficients when factor analysis is 
used as an extended analysis, of the data. In the study he 
used four procedures for intercorrelating the eleven dis- ~. 
tributions: "(a) Kendall's r_ corrected for ties; (b) 
Pearson's r; (c) Spearman's r uncorrected for ties; and 
(d) Spearman's r g corrected for ties." (p. 284) He con- 
cluded that Pearson's r was the best procedure for 
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intercorrelational purposes. 

Brooks (1970, p. 172) summarized the criticisms of sev- 
eral researchers with regard to forced sorting. The thrust 
of the criticism is on statistical grounds to the effect 
that the forced sort violates the assumption of independence; 
that is, the chance that an item can be placed in any pile 
is lessened with each placement of an item in a pile. 
Brooks then offered four rebuttals to this criticism: 

(1) all forced choice procedures violate the 
assumption of independence, thus making 
Q sorting no different from other com- 
monly used instruments in the behavioral 
sciences ; 

(2) when a Q sort is properly administered, 
subjects understand that they are free 

to take any item from the pile into which 
it has been sorted and place it in any 
other pile; 

(3) the violation is so minute that 'it is 
doubtful that too much is risked in Q- 
statistical situations, if there is a 
fairly large number of items...'; and 

(4) the requirement for statistical signifi- 
cance in Q sorts may be raised from the 
.05 level to the .01 level. 

A calculation by Brown (1974, p. 5) illuminates point 

(3) of Brooks' rebuttal. He reported that a Q-set having 

fifty-five (55) items to be sorted offers the sorter 1,485 

judgments in the process. This is calculated from the 

formula l/2n(n-l), where "n" represents the total number of 

items in the Q-set. 
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Brooks (1970, p. 172) and Kerlinger (1973, p. 596) re- 
ported that Q-sorting is criticized because it is said to 
constrain the subjects; they do not like to do the sorting. 
However, both researchers report opposite results from sub- 
jects with whom they have worked. Also, Livson and Nichols 
.(1956, p. 162), having used Q-sorting procedures, reported 
that "the Q sorter is his own worst critic and that re- 
searchers should not be unduly alarmed by adverse sorter 
criticisms of the method." 

If the free-choice Q-sorting procedure is used, it 
often provides data which are too unwieldly, or even impos- 
sible, to analyze. Whereas, the forced Q-sorting procedure 
yields data which are more easily analyzed (Brooks, 1970, 
p. 173). Block (1956, p. 492) concluded from a comparative 
study of forced versus free-choice procedures that "...no 
great loss is suffered and many benefits are achieved. . .by 
forcing all sorters into comparable data systems." Olson 
and Gravitt (1968, p. 19) comparer], forced versus free sort- - 
■ing and concluded that "...little information was either 
gained or lost as a result of either method." 

As with validity, reliability is a term that refers to 
measures or test instruments. if an instrument is reliable^ 
in a given situation, it is said to be true, stable, and 
relatively free from random error. Hence, discussion of the 
-reliability of Q-technique must be couched in this perspec- 
tive, "it is possible, however, to speak about the 
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potentials of a method to produce reliable data. A measure 
is reliable if it is accurate; that is, if the items of the 
measure are homogeneous and internally consistent." 
(Cataldo, et al. , 1970, p. 208) From a me**;ir*ment view- 
point, one might prefer the word "precise" instead of the 
word "accurate" in Cataldo' s statement. 

To this end investigators have reported the reliability 
of the Q-technique. Frank (1956) used the test-retest 
method to ascertain the reliability of Q-sorts. Using 
Pearson's r, he calculated the reliability coefficients and 
found thera to be between .93 and .97. Hess and Hink (1959) 
also used test-retest methods and Pearson's r as a means of 
calculating reliability coefficients. Their values ranged 
as high as .95 and .99. Olson and Gravitt (1968) also used 
t the test-retest method, over a two week period, and calcu- 
lated the Pearson's r to determine reliability values. Their 
study produced average reliability coefficients of .80. 
Livson and Nichols (1956, p. 165) discovered from their 
study that "...as more discriminations were made in the 
(forced) Q-sort situation, the test-retest reliability of 
the sort tended to increase." They recommended that if one 
were to use a forced distribution, it should be a rectangu- 
lar distribution. 
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Sampling 

Q-sorting is possibly a more time consuming method of 
data collection than are some other commonly used methods. " 
For this reason the consideration of the number of subjects 
to be used becomes important. Kerlinger (1973, p. 595) con- 
cluded that cross-sectional or large sample type studies are 
not well suited for the use of Q-sort technique. He argued 
for carefully selected small samples unto which one would 
. apply the Q-sort technique. Guilford (1954, pp. 532-533) 
suggested that stable correlations of data can be obtained 
if the number of responders is approximately three times the 
number of items in an instrument. 

The major criterion is representativeness— making sure 
that all parties or groups of people are represented. This- 
can be accomplished via random sampling of a population uni- 
verse. Schi-inger (1969, p. 55) suggested the structured 
sample design as the most judicious means to achieve repre- 
sentativeness. ........ 

Such . a design al'lows the researcher to prede- ^ 
termine the classes of respondents for the 
study, and it allows the researcher to specify 
how many respondents within each class should 
be interviewed. Structured samples are not 
intended to represent proportionately, the 
characteristics of the. . .population. Instead 
the structured samples are used in order to 
make certain that relevant sub-classes of re- 
spondents are sufficiently represented even 
though the incidence of those in the popula- 
tion may be relatively small. 
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Analysis 

After the data are collected one must consider how the 
data will be analyzed. Actually, the data are in a sense 
"created." Given the continuum of piles for card placement 
purposes, one assigns numerical values to each pile. All 
statistical analyses are performed on these assigned values. 
In the figure below the numbers above the line are the num- 
ber of cards per pile, while, the numbers below the line are 
those assigned for computational purposes. 



10 13 16 13 10 
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+5 +4 +3 +2 +1 o -1 -2 -3 -4 _ 5 

Brown (1970, p. 183) pointed out the several potential 
methods for analysis of Q-sort data. Correlation, factor 
analysis, analysis of variance, chi-square, and percentage 
and frequency counts have all been used in Q-studies. An 
examination of Q-literature revealed that most analysis have 
been correlational in nature (Wittenborn, 1961, pp. 132-142). 
Kerlinger (1972, p. 15) has expressed his belief that the 
amenability of Q-data to correlational analysis is one of 
its salient, technical strengths. "This is an important and 
powerful mode of analysis that enables the behavioral sci- 
entist to test theories. . .in a preliminary way and, just as 
important, to discover aspects of theory, that he may not 
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be aware of, or that he may only have been vaguely groping 
for." 

Factor analysis is rapidly becoming a tool of the re- 
searcher as he endeavors to discover relationships in data. 
Factor analysis allows one to group either items or subjects 
on the basis of the various Q-sorts by the subjects in such* 
a way that one can "...reduce the number of variables to 
those few which appear to be most responsible or most active 
. in the process he is studying." (Brooks, 1970, p. 174) 
Brooks further pointed out that parametric statistical 
tests, such as t and F may be used to evaluate the signifi- 
cance of the differences of the various factors, "if the 
distribution of the Q values of the two groups being com- 
pared are reasonably symmetrical and have variances that are 
not too divergent, then the t test may be used to test the 
significance of the difference between means of two groups 
or the F test for three or more groups." (Brooks, 1970, 
P- 175) 

Although analysis of .variance has been used in the 
analysis of Q-sort data, it is net used as often as other 
methods are. Kerlinger (1972, p. 14) advised "...to use 
analysis of variance and other statistical tests and indices 
as though it were all right to do so, but to be especially 
careful in conclusions and generalizations drawn from such 
analyses." The warning is offered in light of (1) forced 
"normalacy" of the distribution due to forced sorting 
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procedures and (2) the "loss" of independence of a Q-set's 
items, due to separate item placement in a pile. Examples 
of studies using analysis of variance are Neff and Cohen 
(1967) and Nahinsky (1965; 1967). Brown (1970) after a re- 
view of the literature stated: 

;;; a cri ie V f n S . tephenson ' s Papers, including 
The study of Behavior (Stephenson, i , 
will show surprisingly little reliance on 
analysis of a variance as the preferred ana- 
lytic method. In fact a search of the liter- 
ature on Q (Brown, 1968) will not yield a 
single paper by Stephenson in which analvsis 
or variance is the primary analytic method, 
and only a handful of papers will be found in 
which he mentions analysis of variance, and 
then in the form of a warning that it ought 
not to be given analytic prominence. 

Chi-square was vised as an analytic method by Olson and 
Gravitt (1968). it Was used by them to compare sorters' re 
sponses to, first, a free-choice sort and then to a forced 
sort. 

Once a factor analysis of the Q-sort data has been ac- 
complished, factor arrays can be developed. Using the R- 
, perspective, the result is particular items which substan- 
tially load on a factor or factors. To develop a factor 
array, "One uses weighted averages of the responses of the 
individuals substantially loaded on a factor to determine 
the items most associated with the factor." (Kerlinger, 
1972, pp. 24-25) Kerlinger, on a later date, described the 
process more extensively: 
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A factor array is a Q sort constructed from 
factor analytic results. Conceive factors as 
similar clusters of objects— in this case per- 
sons, or rather, the responses of persons. 
Those individuals who respond to a Q sort sim- 
ilarly will form clusters of persons. Over- 
simplified, conceive of summing responses of 
the individuals of a cluster to any Q-sort 
item, if we do this for every item in a Q-- 
sort, we will have sums for all items. Th«\se 
sums will, of course, vary a great deal. They - 
can be rank-ordered and then fitted into the 
original Q distribution. This "new" synthetic 
Q sort is literally a description of the factor 
which can be directly interpreted. Usually the' 
top and bottom two or three piles of the Q dis- 
tribution are used for interpretive purposes. 
Factor arrays are calculated similarly for 
each factor. (Kerlinger, 1973, p. 592) 

Although Kerlinger described the factor array in 'terms of 
persons, as if one is operating from the Q-perspective, his 
description is quite apropos to factor arrays developed in 
terms of items, as if one is operating from the R-perspec- 
tive. 
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CHAPTER III 
METHODS AND PROCEDURES 
Introduction 

This chapter describes the methods and procedures which 
were used in this study to develop the instrumentation, to 
' collect the data, and to analyze the data. The organization 
of this chapter follows the same order in which the study . 
was conducted. First it was necessary to develop a theo- 
retical definition of scientific literacy before anything 
else could be done. By the time this was accomplished it 
had been decided that a structured Q-set and a biographical 
questionnaire would be the best means of instrumentation 
given the hypotheses that were to be tested. The sample of 
persons was drawn, and the data were collected. Another, 
separate sample of persons, representative of the study 
sample, was developed. This iample of persons was used in 
a test-retest setting in-order to. obtain data which could be 
used to determine reliability coefficients for the stability 
of the SLQ. Finally, the data for the main study were 
coded, punched on cards, and computer analyzed. 
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Development of a Theoretical Model 
of Scientific Literacy 

The process of developing a Theoretical Model of Scien- 
tific Literacy (TMSL) was begun in June, 1974 and continued 
through February, 1976. Utilizing (1) the data base of the 
Educational Resources Information Center (ERIC) at the ERIC 
Clearinghouse on Science, Mathematics, and Environmental 
Education at The Ohio State University; (2) science educa- 
. tion journals such as: Journal of Research in Science 
Teaching , Science E ducation , and School Science and Mathe- 
matics; and (3) appropriate dissertations found through 
Dissertation Abstracts. 1885 to the present, a collection 
of statements describing scientific literacy was made. The 
individual statements were for the most part gleaned from 
larger sets of statements developed by science educators or 
persons interested in the teaching of science. 

The goal, pursued by this investigator, was to develop 
a theoretical definition of scientific literacy. The task 
was perceived to be that- of developing a scheme by which the 
various statements could be uniquely classified. After many 
attempts, a scheme containing eleven (11) dimensions was de- 
veloped. Each dimension contained a "number of categories, 
and within each category were the statements which had been 
gleaned from the literature review. Figure 3 contains a 
representative portion of this classification scheme. 
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Dimension 
Name 



Science and Culture 



The scientifically literate person: 

Understands the broad cultural 
perspective of science. 

. . • sees the need to view the 
scientific enterprise within 
the broad perspectives of cul- 
ture, society, and history. 
(Hurd, 1970, p. 15) 
.. .understands the interactions 
between science and the general 
culture. (Klopfer, 1969, p. 6) 
... is aware of certain important 
historical and philosophical 
developments in science. 
(Kaiser, 1973) 



Figure 3 

A Representative Portion of the 
Initial Classification Scheme 



This scheme was given to the eight (8) science educa- 
tors of the Faculty of Science and Mathematics Education at 
The Ohio State University plus the director of the Center 
for Unified Science Education located at The Ohio State Uni- 
versity. These persons were asked to critique the scheme in 
terms of: 

1. proper grouping of literature statements for 
common meaning; 

2. appropriate category labeling; and 

3. appropriate dimension naming. 

As a result of the criticisms offered* by these persons, 
it was decided that much confusion developed when this 



Category ix.l 
Label 

IX. 1.1 

Literature 
Statements 

IX. 1.2 
IX. 1.3 
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particular classification scheme was used as a theoretical 
definition of scientific literacy. Specifically, the lit- 
erature, statements did not have the same meaning to each in- 
dividual; some literature statements seemed to belong to 
more than one category; and some categories seemed to belong 
to more than one dimension. 

Noting that the literature statements were couched in 
terms of behaviors that could be expected of the scien- 
. tifically literate person, it was conceived that perhaps a 
more meaningful classification scheme could be developed 
utilizing the cognitive and affective taxonomies. Drawing • 
upon the ideas presented in Handbook I: Cognitive Domain 
(Bloom, 1956) and Handbook II: Affective Domain (Krathwohl, 
1964), the previous classification scheme was modified. 
Upon refinement this resulted in the Theoretical Model of 
Scientific Literacy (TMSL) which was the theoretical defini- 
tion of scientific literacy for this study (Appendix A) . 
Figure 4 highlights the structure of the TMSL. 
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Dimensions 
of ..Scien- 
tific 
Literacy 



Taxonomies of Educational Objectives 



A. Major Classes of the 
. Cognitive Domain 



B. Major Classes 
of the Affec- 
tive Domain 



1- 2. 3., 4. 5. 6. 



1. 2. '3. 



1. 
1.2. 
3. 

II. 
III. 
IV. 

V. 
VI. 
VII. 
VIII. 

Figure 4 
Structure of the TMSL 

The TMSL is a two-way, classification scheme with 
dimensions of scientific literacy versus taxonomies of edu- 
cational objectives. The two taxonomical domains are the 
cognitive domain and the affective domain. The cognitive 
domain is sub-divided into six (6) major classes: 
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A.l knowledge, a. 2 comprehension, A. 3 application, A. 4 
analysis, A. 5 synthesis, and A. 6 evaluation. These classes 
and their descriptions were adapted from Handbook I; Cog - 
nitive Domain (Bloom, 1956) . The affective domain is sub- 
divided into three (3) major classes:- B.l valuing, B.2 
behaving, and B.^ advocating. These classes and their de- 
scriptions were adapted from Handbook II: Affective Domain 
(Krathwohl, 1964). The classes define the columns of the 
matrix. 

The dimensions of scientific literacy define the rows 
of the matrix. The particular dimensions chosen seemed to 
subsume the greatest number of literature statements in the 
most succinct manner. For this study the dimensions of 
scientific literacy were: 

I. Organization of Knowledge; 
II. Intellectual Processes; 
III. Values and Ethics; 
IV. Process of Inquiry; 

V. Human Endeavor; 
VI. Interaction of Science and Technology; 
VII. Interaction of Science and Society; and 
VIII. Interaction of Science, Technology, and Society. 
There are two noticeable differences between the delin- 
eation of dimensions used in this study and those discussed 
in Chapter II. "Nature of science" and "attitudes toward 
science" are not treated as distinct dimensions. To 
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identify these in the TMSL it would be necessary to use a 
three-way perspective as opposed to the two-way perspective 
which is used. Pella, O'Hearn, and Gale (1966, p. 200) 
addressed this issue with regard to "attitude toward sci- 
ence" (see page 45 of Chapter II). 

Each cell in the TMSL contains at least one element. 
Each cell has two characteristics: (1) a dimension char- 
acteristic and (2) a major class characteristic. Each cell 
. contains at least one element. An element describes a be- 
havior that can be expected of a scientifically literate 
person. The statements about scientific literacy which 
were found in the literature were used to develop the ele- 
ments. The elements were written to capture the essence of 
what other writers had previously stated. Some cells were 
initially empty because appropriate literature statements 
were not found. Elements were written to fill these cells. 
Figure 5 indicates, which cells were filled in this manner. 

Because the descriptions of scientific literacy found 
in the literature were used to develop the elements, coher- 
ence does not always exist in going across a dimension. 
Therefore, each element should be thought of as a single 
sample drawn from a population of elements each of which 
would be appropriate for a particular cell. 

The TMSL has a quasi-hierarchical nature. The dimen- 
sions of the matrix increase in complexity from the Organi- 
zation of Knowledge dimension to the Interaction of Science, 
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Dimensions 
of Scien- 
tific 
Literacy 



Taxonomies of Educational Objectives 



A. Major Classes of the 
Cognitive Domain 



B. Major Classes 
of the Affec- 
tive Domain 



1. 
1.2. 
3. 

II. 
III. 
IV. 

V. 
VI. 
VII. 
VIII. 



!• 2. 3. 4. 5. 6. 

x 

XXX 



1. 2. 

X 



X 
X 
X 



X 
X 



Figure 5 

Cells of TMSL for which Appropriate Statements 
Were Not Found in the Literature 



Technology, and Society dimension. Within the Organization 
of Knowledge dimension there are three components: 1.1 a 
Factual Component, 1.2 a Generalizations Component, and 1.3 
a Discipline Component. A component is a recognizable 
group of behaviors which is a subset of a dimension. In 
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this case the dimension increases in complexity from the 
Factual Component to the Discipline Component. 

The affective domain is seen as being more complex 
than is the cognitive domain. The cognitive domain is more 
easily dealt with programmatically than is the affective 
domain (Shock, 1973). Each of the two domains increases 
in complexity from left to* right. That is, major classes 
tend to be subsumed by the ones to their right (Stedman, 
.1973; Kropp and Stoker, 1966). 

Each element is of an "entry level" nature. "Entry 
level" implies the least of which would be expected of a 
scientifically literate person. 

Development of the Scientific 
Literacy Q-set 

It was decided that the Q-sort technique would be an 
appropriate instrumentation technique to use to collect data 
for the purpose of pursuing Problem _1 (see page 23 of Chap- 
ter I) . a structured Q-set embodies a theory, and when 
sorted by persons it allows for the study of the embodied 
theory (see pages 70-72 of Chapter li : Kerlinger, 1968, 
p. 588; Brooks, 1970, p. 168; Olson and Gravitt, 1968, pp. 
14-15; and Stephenson, 1953, pp. 65-85). 

The Scientific Literacy Q-set (SLQ) was developed over 
a five (5) month period from October, 1975 through February, 
1976. By developing the SLQ on the basis of the TMSL a 
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structured Q-sev. was produced. 

A prototype SLQ was developed which had one Q- statement 
for each element in the SLQ. The results of a small pilot 
study indicated that this was too many Q-statements. • 

It was decided to randomly select forty-five (45) ele- 
ments from the TMSL to be represented in the SLQ. Three 
stipulations were imposed. Only one element from a cell 
could be selected (this was done using a table of random 
numbers). Five (5) cells would be selected from each major 
class (see page 71 of Chapter II: Goldberg, 1962, p. 255 
and Brown, 1975). The three (3) components of Dimension I 
would be treated as though they were each a dimension. The 
reason for this latter stipulation was that there were so' 
many more literature statements appropriate to Dimension I 
than there were for the other dimensions. Figure 6 shows 
which cells of the TMSL were selected. to be represented in 
the SLQ. The underlined^ identification numbers in the TMSL 
(Appendix A) are the elements which were selected to be 
represented in the SLQ. 

The eventual use of the SLQ with persons in the general 
public meant that possibly some persons would have low read- 
ing levels. A decision was made to rewrite each element 
selected at an eighth grade reading level. This was ac- 
complished by: 
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A THEORETICAL MODEL OF SCIENTIFIC LITERACY 



Dimensions 
of Scien- 
tific 
Literacy 



Taxonomies of Educational Objectives 



A, Major Classes of the 
Cognitive Domain 



B. Major Classes 
of the Affec- 
tive Domain 



1. 
1.2. 
3. 

II. 
III. 
IV, 

V. . 
VI. 
VII. 
VIII. 



1. 

x 



x 
x 

x 



2. 3. 
x 

X X 



X 
X 

X 
X 



4. 5. 

X X 
X 



X 
X 
X 



X 
X 



6. 

X 



X 
X 



X 
X 



2. 



3. 



x x 

X X 



X X 
X X 



Figure 6 

TMSL Cells Randomly Selected to be 
Represented in the SLQ 



1. 

2. 
3. 



using elementary science textbooks for 
appropriate words; 

using the Dolch word list (Buckingham 
and Dolch, 1936) ; 

using the Fry Readability Formula 
(Fry, 1968); and 
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4. developing definitions for key words which 
of necessity had to be used. 



The definitions of these words were presented on the in- 
struction sheet for sorting the SLQ (Appendix B) . 

Questions were raised about the efficacy of the SLQ and 
the sorting instructions. Because the Q-statements reflect 
the two-way, classification scheme of the TMSL, the question 
was posed as to whether persons would consistently key on 
one characteristic to the exclusion of the other while sort- 
ing the Q-statements. Secondly, were the sorting instruc- 
tions easy to use? Thirdly, were the definitions on the 
sorting instructions sheet useful? 

To answer these questions a pilot study was undertaken 
with a ninth grade science class in Franklin County, Ohio. 
It was selected because: 



1. it was composed of students from a middle 
class neighborhood; and 

- 2. the mean reading level of the class was 
below ninth grade level. 

Fifteen (15) representative statements were selected 
from the SLQ. This set of fifteen (15) Q-statements con- 
stituted a Modified SLQ for this phase of piloting. Four 
(4) variations of the Modified SLQ were produced. 

1. Variation one was comprised of Q-statements 
just as they came from the SLQ. 

2. Variation two had the verbs of the Q-statements 
underlined to emphasize the major class char- 
acteristic of the TMSL. 
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3. Variation three had key words within the 
Q-statements underlined such that the 
dimension characteristic of the TMSL was 
emphasized. 

4. Variation four had both verbs and key 
words underlined in order to emphasize 
the two primary characteristics of the 
TMSL. 

It was hypothesized that underlining would focus at- 
tention on particular parts of the Q-statements during the 
sorting process, if true then the sorting of the variations 
• of the Modified SLQ would produce significantly different 
sorts. The sets were randomly distributed to the students. 
The students were asked to sort the fifteen (15) Q-state- 
ments in accordance with the sorting instructions. The 
instructions called for: 

2 cards in each of the +4, +3 and +2 piles; 

1 card in each of the +1, 0, -1 piles; and 

2 cards in each of the -2, -3, and -4 piles. 
Questions raised by individual students about particu^ 

lar Q-statements and the sorting process were noted. In 
addition, after the students had completed the task, they 
were asked about the Q-statements as a whole, particular 
words, the sorting process, and the format of the sorting 
instructions. These responses were recorded to be used to 
refine the sorting instructions and the Q-statements in the 
total SLQ. 

The pilot study data were prepared for computer analy- 
sis. The subprogram CROSSTABS from the Statistical Package 
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for the social Sciences (SPSS) (Nie, et al., 1975) was used- 
to confirm that the four (4) variations of the Modified SLQ 
were distributed randomly to the students with respect to 
their reading abilities. 

To determine if any one. (1) of the variations of the 
Modified SLQ was sorted in a 'significantly different way, 
a univariate analysis of variance was made (Clyde, 1969). 
Each of the Q-statements was treated as a dependent vari- 
able, and the underline condition was treated as the inde- 
pendent variable. The four (4) variations of underlining 
were coded as values of the independent variable. Table 1 
is a summary of the results of the analyses of variance. 
Since none of the univariate F tests were significant, 
p < 0.05, it was concluded that none of the variations pro- 
duced significantly different results. 

The students' verbal reactions during the pilot study 
were /used to refine the total SLQ and the sorting instruc- 
tions. It was decided not to underline- any part of anv of - 
the Q-statements in the SLQ. In late February, 1976 the 
total SLQ was piloted. This time twelve (12) adults, three' 
(3) for each type of person to be used in the major study, 
were asked to use the sorting instructions to sort the SLQ. 
After each person completed the sort they were interviewed 
in terms of : 
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Table 1 



ANOVA Results for the Effect of 
Underlining on Rank of Q-statements 



Q-statement 



Mean SQ 



VIIB31 

IIIA21 

VB31 

IB33 

VB21 

VIIIB31 

IVAll 

IVA31 

IA51 

IVA51 

IA13 

IA41 

VIIA61 

IA223 

IA31 



0.482 
0.961 
0.485 
2.878 
0.964 
0.085 
0.403 
0.373 
0.013 
0.503 
1.653 
0.722 
1.193 
0.088 
1.916 



4.042 
5.486 
4.153 

17.486 
7.889 
0.819 
4.153 
2.833 
0.111 
5.042 

10.333 
4.944 

12.944 
0.708 

11.111 



0.699 
0.430 
0.696 
0.062 
0.429 
0.967 
0.753 
0.774 
0.998 
0.685 
0.209 
0.551 
0.338 
0.966 
0.160 



df = 3,20 



1. what meaning they read into the words and 
the Q-statements; and 

2. the viability of the sorting instructions. 

The Q-statements and sorting instructions were again refined 
to incorporate their reactions. 

At this point it was concluded that the Q-statements of 
the SLQ: 

1. were easily readable; 

2. were written at an eighth grade. level; and 

3. had the same meaning as did the TMSL 
elements which they represented. 
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Appendix C contains the SLQ used in the major study. The 
Q-statements are ordered as they appeared in the SLQ. The 
lower left-hand identification numbers were not on the Q- 
statements which persons in the study received. They have 
been added to identify the appropriate element in the TMSL 
which each Q-statement represents. The lower right-hand 
numbers were on the Q-statements which the persons in the 
study received. These numbers were used to order the Q- 
statements randomly in the SLQ. 

Development of the Sorting Instructions 

The sorting instructions for the SLQ (Appendix B) were 
referred to in the discussion of the piloting of the SLQ. 
The reading level of these instructions is below eighth 
grade level (Fry, 1968). The instructions ask persons to 
sort the Q-statements of the SLQ into 'a rectangular distri- 
bution of nine (9) piles .with five (5) cards per pile. This 
means that persons were asked to distribute the Q-statements 
using a forced sort technique. The forced sort technique 
requires the person to place the Q-statements in a prede- 
termined number of piles; each pile must contain a prede- 
termined number of cards. By specifying the number of piles 
and the number of .cards per pile the shape cf the distribu- 
tion curve is controlled. 

Cronback and Gleser (1953), James (1956), and Gaito 
(1962) have criticized the forced sort. Stephenson (1953) , 
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Erooks (1970), and Kerlinger (1973) have argued for the 
forced sort. Hess and Hink (1959) and Brooks (1970) cited 
research findings which indicated that the forced -sort does 
not give strikingly different results from non-forced sorts 
on the same Q-sets. See pages 75-77 of Chapter II. 

Hess and Hink (1959), Schill (1966), Nunnaly (1967), 
Brooks (1970), and Brown (1971) have concluded on the basis 
of research findings that the forced distribution which re- 
sults from a forced sort does not greatly influence the re- 
sults of the analysis of the data. Livson and Nichols 
(1956) argued for the use of a rectangular forced sort on 
the grounds that test-retest reliability of the sort is en- 
hanced. See pages 77-80 of Chapter II. 

The note after STEP 6 and the comment in STEP 12 ex- 
plain to the persons that Q-statements may be changed from 
one pile to another at any time. This is in line with 
Brook** (1970) comments. See page 78 of Chapter II. 

The parsons sorting the Q-statements were asked to do : ; 
so in terms of how important they thought each was. This 
reflects Showalter's approach in his use of members of the 
National Association for Research in Science Teaching to- 
create an "operational definition of scientific literacy" 
(1969, p. 48). See page 55 of Chapter II. 
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Development of the INFORMATION SHEET 

The INFORMATION SHEET (Appendix D) was developed to 
collect data for the purpose of testing Hypotheses 1 and 2. 
The information requested of each person fell into the 
broad areas of: 

1. amount of previous education; 

2. amount of previous science education; 

3. amount of previous education of parents or 
* guardians; 

4. occupation; 

5. age; and 

6. sex. 

The INFORMATION SHEET was piloted during the final 
piloting of the SLQ. This was described on page 73. Based 
upon the persons reactions it was revised to: 

1. ensure that it could be easily completed; and 

2. ensure that the necessary information would 
be secured from each person. 

Development of the Population Sample 
The Sampling Frame 

To focus on two types of persons, science oriented and 
nonscience oriented, it was arbitrarily decided that per- 
sons' occupations would be most indicative of their par- 
ticular orientation. Science oriented persons would most 
likely have science related occupations. Nonscience 
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oriented persons would most likely not have science related 
occupations. 

It was decided that the sample of persons for the study 
would be drawn from two different sources. One portion 
would be drawn from faculty members at The Ohio State Uni- 
versity. The other portion would be drawn from persons re- 
siding within Franklin County, Ohio. since there was a high 
probability that the university persons resided in' or very 
close to Franklin County, it was assumed that variables such 
as form of government, politics, economic conditions, and 
religious persuasions would be partially controlled. 

Figure 7 indicates the numbers of persons by type that 
were drawn. Seventy-five (75) University Science Oriented 
persons (UNVSC) , seventy-five (75) University Nonscience 



University 



Public 



Science 
Oriented 



Nonscience 
Oriented 



75 persons 


75 persons . 


100 persons 


100 persons' 



Figure 7 

The Sampling Frame Used for the Study 
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Oriented persons (UNVNONSC) , one hundred (100) Public Sci- ' 
ence Oriented persons (PUBSC) , and one hundred Public Non- 
science Oriented persons (PUBNONSC) composed the sample for 
the study. Three considerations were made in deciding on 
this sampling frame. 

1. Stable correlations of data can be obtained 
if the number of responders is approximately 
three (3) times the number of items in the 
instrument (Guilford, 1954, pp. 532-533). 

2. Large cross-sectional studies are not well 
suited for the use of the Q-sort technique 
(Kerlinger, 1973, p. 595). 

3. The major criterion in a Q-sort study is 
representativeness - making sure that all 
groups of people are represented, not neces- 
sarily proportionately (Schlinger, 1969, p.. 55). 

See page 81 of Chapter II. 

The University Sample 

The Ohio State University is located in the City of 
Columbus in Franklin County, Ohio. It is one of the 
largest universities in the United States with a graduate 
school enrollment of approximately 8,000 students. Besides 
the Graduate School and the Undergraduate University College 
the university has fifteen (15) colleges, four (4) of which 
are Colleges of Arts and Sciences and eleven (11) of which 
are undergraduate professional colleges. »• • 

The university sample was drawn using the 1975-1976 
Faculty and Staff Directory . The listings of departments 
were divided and alphabetized into two groups, science 
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oriented and nonscience oriented. The science oriented de- 
partments were further divided into the pure science depart- 
ments and the applied science departments. (Note: some of 
what are called departments in this study are actually 
faculties. However, for convenience "department" will be 
used.) Table 2 indicates these divisions. 

The assistant professors, associate professors, and 
professors, who were not visiting professors and who did not 
have emeritus status, were identified. These persons (in 
total approximately 3,300) comprised the university popula- 
tion of faculty members from which seventy-five (75) non- 
science oriented persons (UNVNONSC) and seventy-five (75) 
science oriented persons (UNVSC) were drawn. The decision 
was made to draw thirty-seven (37) pure science persons 
(UNVPURSC) and thirty-eight (38) applied science persons 
(UNVAPPSC) to comprise the UNVSC group. 

A random sample was drawn from each group in the same 
fashion. The desired number of persons for each sub-sample 
was divided into the total population of each group to de- 
velop a skip number (Backstrom and-Hursh, 1963, pp. 39-40). 
A table of random numbers was consulted to rind a random 
number less than the skip number. This became the first 
person in the group to be drawn. The next person drawn was 
identified by the skip number. For example, if the skip 
number were 20 and the first person drawn was person 12 
then the next person drawn would be person 32. The process 
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Table 2 

Number of Persons in the University 
Sample by College 



Source Nonscience Science Oriented 

Oriented 

Pure Applied 
Science Science 



Colleges of 
Arts and Science 

Arts 14 

Biological Sciences 15 

Humanities 15 

Mathematics and 

Physical Sciences 5 21 

Social and Behav- 
ioral Sciences 17 

Professional Colleges 

Administrative 

Science 11 
Agriculture and 

Home Economics 5 3 

Education 7 1 

Engineering 12 
Pharmacy 

Dentistry 3 
Law l 



Medicine 
Optometry 



Total 75 3? 



14 

3 



Veterinary Medicine 3 



38 



was continued until the required number of persons was 
drawn. Table 2 shows the number of persons drawn in each 
of the groups by the college with which they were 
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associated. 

Table 3 shows the number of persons in each group 
by rank. 



Table 3 

Number of Persons in the University 
Sample by Rank 



Rank 




Nonscience 
Oriented 


Science 


Oriented 






UNVNONSC 


UNVPURSC 


UNVAPPSC 


Assistant 
Associate 
Professor 


Professor 
Professor 


22 
24 
29 


11 
5 
22 


9 
11 
17 


Total 




75 


38 


37 



The Public Sample • 

- The persons from which the public sample of persons was 
drawn lived within Franklin County,* Ohio. The Columbus Area 
Chamber of Commerce reported that Franklin County had an 
estimated 1975 population of 905,600; thirteen percent of 
.... ... which was non-white. According to the 1970 federal census 

- Franklin County had 271,253 housing units with an average of 
3.1 persons per occupied unit. In 1973 the county birth, 
rate was 16.3 per 1000 persons, and the death rate was 8.3 
per 1000 persons. The 197 4 assessed valuation of 
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properties was $3,471,512,390. 

ThS R - L - Polk Directory fo r the City of Columbus. .Ohio 
(Polk, 1975) was used as a source of persons from which to 
select the public sample. The directory lists persons 
alphabetically with a description of their full time occu- 
pation, by whom they are employed, and with their home 
address. The two criteria used to select the public sample 
from the directory were: 

(1) the persons worked within the city of Columbus; and 

(2) they lived within Franklin County. 

The description of each person's occupation was used 
to determine in which orientation group a person belonged. 
For both orientation groups the approximate number of per- 
sons in the directory was determined; a skip number and a 
random starting point were developed. As with the uni- 
versity sample the publ.ief sample was selected in two parts. 
First, one-hundred (100) public nonscience oriented persons 
(PUBNONSC) were drawn randomly; second, one hundred (100) ' 
public science oriented persons (PUBSC) were drawn randomly.' 

After the two groups of persons were drawn the Ohio 
Bell and Vicinity, 1975 -1976 Telephone Directory and the 
Ohio Bell Directory Assistance were used to determine if the 
selected persons still resided within Franklin County. 
Twenty-six (26) of the PUBNONSC group and ten (10) of the 
PUBSC group were found to no longer live in the area. Re- 
placements for these persons were selected randomly from the 
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R. L. Polk Directory. The confirmation and replacement pro- 
cess was continued until each orientation group contained 
one hundred (100) persons. 

The PUBNONSC persons were classified occupationally 
using the 1970 Census of Population and Housing - Census 
Tracts publication of the U. S. Department of Commerce and 
a listing by Backstrom and Hursh (1963, pp. 99-101). Table 
4 compares the occupations of the PUBNONSC group with 1970 



Table 4 

Compraison of PUBNONSC Group with 1970 
Franklin County Census Data by Occupation 



Occupational 
Classification 



Male 



Franklin 
County 

No. 



Sample 



No. 



Franklin 
County 

No. 



Female 

Sample 

% No. % 



Total 



Frar.klin 
County 

No. 



Sample " 



No. 



Professional 
. Administrators/ 
Managers 

Sales Workers 

Clerical Workers 

Craftsmen 

Operatives, ex- 
cept Transport 

Transport 
Operatives 

Laborers, Not 
Farm 

Farmers/Farm 
Managers 

Farm Laborers 

Service Workers 

Private Household 

Retired/No 
Occupation 

Total 



60,962 


I8 a 


8 


11 


23,769 


17 


5 


19 


84,731 


18 


13 


13 


29,762 
26,511 
74,166 
40,173 


9 
8 
22 
12 


15 
8 
4 

12 


21 
11 
5 
16 


4,738 
9,891 
56,106 


3 
7 
41 


1 
1 
6 
1 


4 
4 

22 
4 


34,500 
36,402 
130,322 
40,123 


7 
8 
28 
9 


16 
9 

10' 
13 


16 
9 
10 
13 


638,991 


12 


5 


7 


14,736 


11 






53,729 


11 


5 


5 


12,009 


4 


4 


5 










12,009 


3 


4 


4 


12,700 


4 


11 


15 


3,438 


3 


5 


19 


16,138 


3 


16 


16 



1,449 0 
35,947 11 
3,462 1 



200 
19,626 
3,301 



0 
14 

2 



336,162 100 73 TOO 135,857 



100 



15 



15 



1,649 
55,573 
6,763 



0 
12 
1 



Rounded to the nearest percent. 



8 



27 TOO 471,989 1QQ Too" 



100 
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census data for Franklin County. 

To determine if the PUBNONSC group of persons repre- 
sented their respective occupational types in the county, 
a statistical test of proportions was made on each occupa- 
tional type total for Franklin County versus the totals for 
the sample (Ferguson, 1966, pp. 176-178). The Transport 
Operatives, Laborers, and Farm Laborers were found not to 
approximate a normal distribution because of the small num- 
. bers of sample persons drawn from these types. Of those 
which approximated a normal distribution the Managers/ 
Administrators and the Clerical Workers were found not to 
represent their respective types, p_ < 0.002. There was too 
large. a percentage of Managers/Administrators in the sample; 
there was too small a percentage of Clerical Workers in the 
sample . 

Table 5 shows the breakdown of the PUBSC persons into 
four (4) major types. 
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Table 5 

Proportionment of the Public Science Oriented 
Sample of Persons by Occupation 



Number 



Percent 



Technicians (Subtotal) 
Laboratory 
Research 
Engineering 
Dental 

Pure Scientists (Subtotal) 
Engineers (Subtotal) 
Medical Personnel (Subtotal) 

Physicians 

Dentists 

Optometrists 

Podiatrists 

Chiropractors 

Pharmacists 

Nurses 

Radiologists 
. Dietitians 

Therapists 

Total 



15 


15 


4 


4 


1 


1 


6 


6 


4 


4 


8 


8 


38 


38 


39 


39 


9 


9 


3 


3 


3 


3 


1 


1 


1 


1 


4 


4 


15 


15 


1 


1 


1 


1 


1 


1 


100 


100 



Data Collection 

Before the collection of data was initiated permission 
was requested from The Ohio State University Human Subject 
Review Committee to be waived from the requirement of using 
a consent form with each person selected for the study. 
Permission was granted. (Appendix E) 

Packets of materials were prepared for the 350 persons 
in the sample. Each packet consisted of: 
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(1) a form letter with a personalized heading 
and salutation (Appendix F) ; 

(2) the INFORMATION SHEET; 

(3) the INSTRUCTIONS FOR USING THE SMALL CARDS 
AND SMALL ENVELOPES; 

(4) the SLQ; 

(5) nine small envelopes marked +4 Most Important, 
+3,..., -3, -4 Least Important; 

(6) a postcard - stamped and addressed to the 
investigator for the respondent to return 
stating that the materials had been completed 
and forwarded; and 

(7) a stamped and addressed 5"x7" envelope for 
returning the responses. 

For the nonscience oriented persons blue ink was used to 
prepare the address labels for their 5"x7" return envelopes. 
For the science oriented persons black ink was used to pre- 1 : 
pare the address labels for their 5"x7" return envelopes. 
Lines were used to differentiate between the returns of the 
UNVPURSC and UNVAPPSC persons. One line was used to under- 
line "campus mail" on the return envelopes of the UNVAPPSC "" 
persons. Two lines were used to underline "campus mail" on 
the return envelopes of the UNVPURSC persons. 

The material packets were mailed to all persons on 
April 5, 197 6 using both the United States Postal Service 
and the campus trailing system. As the returns were received 
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a record was kept of who had returned the postcard and on 
what date it was received by the investigator. Also, the 
number of returns per day for each group was graphed. The 
graph facilitated an understanding of the rate of return of 
the materials. 

Figure 8 is indicative of the graphing technique; it 
shows the total daily returns. 




Graph of Total Number 
of Returns Each Day 
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It had been decided previously that when an extended 
and marked drop occurred in the daily returns telephoning 
would be initiated. Those persons whose postcards had not 
been received were called. Telephoning was initiated on 
Day 9 to those persons who had published telephone numbers. 
Eight (8) percent of the public portion of the sample did 
not have published numbers. Each call amounted to: 

1. determining if the person had received the 
materials; 

2. determining if any portion of the materials should 
be clarified; and 

3. determining if the person planned to complete the 
materials in the near future. 

Some telephone calls resulted in the person stating that the 
materials had already been discarded or that they would not 
be completed. This information was recorded. 

Telephoning was initiated again after Day 16. Calls - 
were made to those persons who during the first call had in- 
dicated they would respond but whose postcards had not yet 
been received. During the second call, the persons were 
told that the data collection period would soon end; they 
were encouraged to respond. 

Telephone calls were also made to approximately 15% of 
the persons who returned the completed materials. These 
calls were naaa the same day on which the postcard was re- 
ceived. Eioh person was asked if he could explain what was 
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in his mind as he sorted the cards. ' That is, what was the 
general basis for placing cards on the positive side as 
opposed tc the negative side, These comments were recorded 
for c uture use in the interpretation of the results of the 
data analysis. in addition these persons were asked about 
their reactions to the sorting process. The responses re- 
flected the same skepticism on their parts as has previously 
been reported in Q-sort literature (see page 79 of Chapter 
II). 

The data were prepared for computer analysis as they 
were received. Using the SPSS CROSSTABS subprogram it was 
determined that telephoning did not bias the way persons 
responded. After Day 17 the accumulated data were analyzed ■ 
with the SPSS FREQUENCIES subprogram. This was repeated 
after Day 28. A comparison of the results of the analyses 
indicated that the percentage of response on the values of 
each .variable did not change by more than three (3) percent.- 
It: .was decided to terminate the data collection period after 
.Day. 28 and to begin the analysis of the data. Two completed 
sets of materials were received several days later but were • 
not included in the analyses. 

Table 6 summarizes the records which were kept on the 
returns for each group of the sample. By taking into ac- 
count those persons who stated they did not receive the 
materials and those persons whose materials were returned 
because they had moved, it can be observed that the 
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Group 



Table 6 
Summary of Data Collection 



Original 
Sample 

No. i 



Did Not 
Receive 



Bo. 



Adjusted 
Sample 



No. 



No. 



Responded 

% of Adjusted 
Sample 



University Science (UNVSC)* 
University Pure Science 

(UNVPURSC) 

University Applied Science 
(UNVAPPSC) 
University Nonscience 

(UNVNONSC) 
Public Science (PUBSC) 
Public Nonscience 

(PUBNONSC) 

Total 

*UNVPORSC and UNVAPPSC combined 



75 


21.4 


7 


68 


21.9 


45 


24.3 


37 


10.6 


3 


34 


U.O 


23 


12.4 


38 


10.9 


4 


34 


11.0 


22 


11.9 


75 
100 


21.4 
28.6 


6 

15 


63 
85 


22.2 
27.4 


46 
52 


24.9 
28.1 


100 


28.6 


12 


JJ8 


28.4 


42 • 


22.7 


350 


100 


40 


310 


100 


185 


100 



% of 
Total 



66.2 

67.6 

64.7 

66.7 
61.2 

47. 7 

100 



percentages of responses were similar for the UNVSC, 
UNVNONSC, and PUBSC groups. The PUBNONSC group had the 
lowest percentage of response. 

An additional question was asked about the returns. 
Within each of the groups did more of some type or types of 
persons respond than did other types? A chi-square test was 
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made on each group in terms of the percent sampled to the 
percent returned by each type of person; for examplo in the 
PUBNONSC group Sales Workers would be considered a type of 
person. it was found that in each group there was no skew- 
ing of the number of returns, in terms of the types of per- 
sons, it was concluded that the responses from each group 
could be considered representative of each group as it had 
originally been sampled. 

Reliability of the SLQ 

Reliability of the Q-sort technique with a given Q-set 
has most often been determined by a test-retest method. The 
statistical analysis has been to calculate the correlation 
coefficient of each Q-statement with itself using Pearson's 
r. see pages 7 9-80 of Chapter II. 

To determine the reliability of the SLQ i n this study 
the test-retest method was used. A range of one (1) to 
eight (8) weeks passed between the first and second sorting 
of the SLQ. Pearson's r was used to calculate the correla- 
tion of each Q-statement with itself from the test-retest " 
situation. The sample of persons was selected to represent 
the five groups used in the study (UNvPURSC, UWVAPPSC, ; 
UNVNONSC, PUBSC, and PUBNONSC). There were thirty-eight 
(38) persons in this sample. 

The analysis produced correlation coefficients ranging 
from 0.1264 to 0.7969. The average of the coefficients was 
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0.497. Of the forty-five (45) correlation coefficients 
five (5) were not significant at p_ < 0.05 (Guilford and 
Fruchter, 1973, p. 516). The five (5) Q-statements which 
did. not correlate significantly were Q37, Q8, Q10, Q20, and 
Q42. Excluding these, the average correlation coefficient 
of the remaining forty (40) Q-statements was 0.5332. 

The Variables 



The variables which were used to test Hypotheses 1 and 
2 are presented in this section. The following presents: 
1. the section of the INFORMATION SHEET from which 
the variable was developed; 
the variable symbol; 
a d<: script ion of the variable; 
the coded values of the variable for computer 
analysis; and 
the value labels. 



2, 
3. 
4. 



INFORMA- 
TION 
SHEET 
SECTION 



VARIABLE 
SYMBOL 



VARIABLE 
DESCRIPTION 



SEX 



sex of re- 
spondent 



CODED 
VALUE 



I s 
2 



VALUE LABEL 



female 
male 



Ui 
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INFORMA- 
TION 

SHEET VARIABLE VARIABLE CODED 

SECTION SYMBOL DESCRIPTION VALUE VALUE LABEL 



AGE age of re- 

spondent 



F OWNSCHYR last year 

completed 
by re- 
spondent 



G MOTSCHYR last year 

of school 
completed 
by mother/ 
guardian 
of re- 
spondent 

H - FATSCHYR last year 

of school 
completed 
by father/ 
guardian 
of re- 
spondent 

J SHGENSCI senior high 

science 

J SHERTSCI senior high 

earth 
science 

J SHBIOL senior high 

biology 

J SHCHEM senior high 

chemistry 



1 18-25 years 

2 , 26-35 years 

3 36-44 years 

4 45-54 years 

5 55-65 years 

6 66 years or older 

1-8 elementary school 

9-12 secondary school 
13-16 college 
17-24 graduate or 

professional 

school 

1-8 elementary school 

9-12 secondary school 
13-16 college 
17-24 graduate or 

professional 

school 

1-8 elementary school 

9-12 secondary school 
13^16 college 
17-24 graduate or 

professional 

school 

0 did not have 

1 did have 

0 did not have 

1 did have 



0 did not have 

1 did have 

0 did not have 

1 did have 



142 



121 

INFORMA- 
TION 

SHEET VARIABLE VARIABLE CODED 

SECTION SYMBOL DESCRIPTION VALUE VALUE LABEL 



J SHPHYS 
J CLBIOSCI 

J CLPHYSCI 

J CLERTSCI 

• J CLENGSCI 

I All to 
VIIIB31 



senior high 0 

physics l 

college 0 

level i 

biological 2 

sciences 3 

college 0 

level i 

physical 2 

sciences 3 

college 0 

level i 

earth 2 

sciences 3 

college 0 

level l 

engineer- 2 

ing courses 3 

the 45 Q- +4 

statements +3 

of the SLQ +2 



+1 
0 
-1 
-2 
-3 
-4 



did not have 
did have 

no space checked 
0-12 quarter hrs 
13-36 quarter hrs 
37 or more 
quarter hrs 

no space checked 
0-12 quarter hrs 
13-36 quarter hrs 
37 or more 
quarter hrs 

no space checked 
"0-12 quarter hrs 
13-36 quarter hrs 
37 or more 
quarter hrs 

no space checked 
0-12 quarter hrs 
13-36 quarter hrs 
37 or more 
quarter hrs 

most important 



least important 
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INFORMA- 
TION 
SHEET 
SECTION 



VARIABLE 
SYMBOL 



VARIABLE 
DESCRIPTION 



CODED 
VALUE 
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VALUE LABEL 



STATUS 



the re- 
spondents 
categorized 
into five 
(5) groups 



ORIENT' 



the re- 
spondents 
categorized 
into two 
(2) groups 



4 
5 

1 
2 



university pure 
science persons 
(UNVPURSC) 

university ap- 
plied science 
persons 
(UNVAPPSC) 

university non- 
sc ience per son s 
(UNVNONSC) 

public science 
persons (PUBSC) 

public nonsci- 
encG persons 
(PUBNONSC) 

science oriented 
persons 

nonscience ori- 
ented persons 



a in addition to the variable values listed blanks were 
coded for all variables to which the ' respondent did 
not respond. 

b . 

Iw s *L variables ^re created in preparing the data for 
the SPSS system from the identification of the respond- 
ent's return envelope. 



Analysis of the Data 



As has been discussed the data were coded for computer 
analysis. Punched cards were visually checked for mistakes, 
and the raw data were compared to outputs of the various 
SPSS (Nie, et al., 1975) subprograms for errors, when the 
punched cards were believed to be completely accurate the 
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analysis of the data was begun. 

The SPSS subprogram FREQUENCIES was used to ascertain 
the absolute frequency and the percentages of response on 
each value of each variable. This subprogram also computed 
the values of the mean and standard deviation for the vari- 
ables. 

The SPSS subprogram PEARSON CORR was used to derive the 
correlations among the variables. Charts were constructed 
to show graphically the significant correlations. 

The SPSS subprogram FACTOR was used for factor analysis 
of the responses to the Q- statements'. In the factor analy- 
sis principle-component solutions were developed with the 

main diagonal elements of the correlation matrix replaced ' 
2 

by R communality estimates. Orthogonal rotations were de- 
veloped as opposed to oblique rotations.. This subprogram 
was also used to develop standardized .factor scores for the 
factor solutions which were developed. 

The SPSS subprogram ONEWAY was used to test Hypothesis* 

i The factor scores, from each of the seven factors de- ' 

veloped for the total sample (OVERALL) , were treated individ- 
ually as dependent variables. The -test for 'significant dif- 
ferences was made with: 

1. ORIENT: persons were classified as science ori- 
ented or nonscience oriented; and 

2. STATUS: persons were classified as university 
pure science, university applied science, 
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university nonscience, public science, and 
public nonscience. 
ORIENT and STATUS were treated as independent variables. 
Posteriori testing was done by the Scheffe' method for post 
hoc multiple comparisons. 

The SPSS subprogram REGRESSION was used to test 
Hypothesis 2. The dependent variables were the seven (7) 
factor scores from the factor solution for all respondents 
combined. The independent variables came from the sections 
in the INFORMATION SHEET which dealt with: 

1. amount of previous education; 

2. amount of previous science education; 

3. amount of previous education of parents or 
guardians; 

4. age;, and 

5. sex. 
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CHAPTER IV 
ANALYSIS OF THE DATA 
Introduction 

In this chapter the results of the analysis of the data 
are presented in five (5) sections. The first section is a 
presentation of the descriptive statistics - absolute fre- 
quencies, percentages, means, and standard deviations - of 
responses to particular variables, and the second section is 
a presentation of the results of correlating these vari- 
ables. Section three is a description of the results of the 
factor analysis performed on the responses to the Q-state- 
ments. In this section the inferred dimensions of scien- 
tific literacy are developed and named. Section four com- 
pares the science oriented groups of persons to the nonsci- 
ence oriented groups of persons in terms of the inferred 
dimensions of scientific literacy. The results of the 
analyses of variance performed to test Hypotheses 1 (a) and 
(b) form the basis for this comparison. Finally, section 
five is a presentation of the regression analyses which were 
performed to test Hypothesis 2 . An overall summary con- 
cludes the chapter. In this summary the results from the 
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previous analysis sections were brought together. 



Descriptive Statistics for 
INFORMATION SHEET Data 



The variables discussed in this section were generated 
from the INFORMATION SHEET. Each table in this section 
specifies the number of persons and the respective group 
proportion of those persons who did not respond to each 
variable. These "non-responders" were excluded from all 
calculations which ultimately were summarized in terms of 
means and standard deviations. The SPSS subprogram FRE- 
QUENCIES (Nie, et al., 1975) was used to analyze the data 
for this section. 

Overall 8 5% of the respondents were males and 15% were 
females (Table 7). The PUBNONSC and UNVNONSC groups had 



Table 7 

FxnquA J* and Percentage for Sex of Respondents (SEX) 



^justed to exclude the No Response column 
b 

tN^URSC and UNVAPPSC combined 
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Group 




No Sveponse 




Female 




Kale 




No. 


% of 
Group 


No. 


% a 


No. 


% 


UNVPURSC 


1 


4.3 


1 


4.5 


21 


95.5 


£',.VAJ?PSC 


1 


4.5 




















21 


100.0 


UNVSC b 


2 


4.4 


1 


2.3 


42 


97.7 


UNVNONSC 


6 


13.3 . 


8 


20.0 


32 


80.0 


PUBSC 


1 


1.9 


6 


11.8 


45 


88.2 


PUBNONSC 


1 


2.4 


12 


29.3 


29 


70.7 


OVERALL 


10 


5.4 


27 


15.4 


148 


84.6 
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greater percentages of females than did the PUBSC and UNVSC 
groups. Recalling that in Table 4 on page HO of Chapter 
III the PUBNONSC group was 27% female, the 29.3% female re- 
sponse might seem strange. it should be remembered that not 
all persons received the materials so that the original 
sample was in effect reduced in size (see Table 6 on page 
117 of Chapter III). Also one PUBNONSC respondent did not 
indicate his/her sex. Both factors would contribute to the 

• difference ir. female percentages. 

Table 8 shows that of all groups the PUBNONSC group had 

the smallest mean age and the largest standard deviation. 

The PUBSC group was somewhat similar to the PUBNONSC group. 

As would be anticipated the university respondents tended 

to be older and have less deviation in their ages. 

Only 4% of the respondents were retired (Table 9) . The 

retirees were public persons since the university persons 

were chosen from a population in which there were no retired 

persons. 

Table 10 does not duplicate Table 4 on page 11 C of 
Chapter III. Table 10 was developed from the more complete 
description of the respondent's occupation as given in sec- 
tion D of tne INFORMATION SHEET. Table 4 was developed from 
the short description of the person's occupation in the 
R. L. Polk Directory. Also, a person who was listed as 
retired in the directory supplied a description of his 
occupation when he completed the INFORMATION SHEET; this 
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Table 9 

Descriptive Statistics for Retirement 



Group 



UKVAPPSC 
ONVSC C 
UNVNOMSC 
PUBSC 
PUBNONSC 
OVERALL 



Status of Respondents (RETIRED) 



No Response 



Yes 




2.2 
10.9 
1.9 
2.4 
4.3 



2 
5 
7 



a Coded: No Response « blank; y e s - I, No - 2 
Adjusted to exclude the No Response column 
C UNVPURSC and UNVAPPSC combined 



3.9 
12.2 



22 
22 
44 
41 
49 
36 



4.0 170 



100.0 2.000 0.000 

100.0 2.00C 0.000 

100.0 2.0U0 0.000 

100.0 2.000 0.000 

96.1 1.961 0.196 

87.8 Z.878 0.331 

56.0 1.960 C195 



occupation was coded as such. 

Almost all university respondents were classified as 
professionals whereas 88% of the PUBSC group and 35% of the 
PUBNONSC groups were. The other more highly represented 
occupations in the PUBNONSC group wore Administrators/ 
Managers, Craftsmen, and Clerical Workers. The coding of 
this variable was not of an interval nature but was of a 
classification nature. 

As would be expected the last school attended by the 
university respondents was a college or university. The 
same was true of the 90% of the PUBSC group and 54% of the 
PUBNONSC group. However, 37% of the PUBNONSC group had not 
gone beyond the high school level (Table 11) . 
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Table 11 

Descriptive Statistics for Last School Attended by Respondents (SCKJ*EVEL) 



Group 


No 


Response* 




Senior 
High 


Technical 
School 


Junior 
College 


College or 
University 


Mean 


SD 




No. 


% of 

Group 




% b 


No. 


% 


No. 


% 


• No. 


% 






UNVPURSC 




4.3 














22 


100.0 


6.000 


0.003 


UMVAPPSC 


















22 


100.0 


6.000 


0.000 


UNVSC C 




2.2 














44 


100.0 


6.000 


0.000 


UNVNONSC 


6 


12.0 














40 


100.0 


6.000 


0.000 


PUBSC 


1 


1.9 






4 


7.8 


1 


2.0 


46 


90.2 


5.824 


.0.555 


PUBJOKSC 


1 


2.4 


15 


36.6 


3 


7.3 


1 


2.4 


22 


53.7 


4.732 


1.432 


OVERALL 


9 


4.9 


15 


8.5 


7 


4.0 


2 


1.1 


152 


86.4 


5.653 


0.907 



ss "vrir 0 : e c :££ k . firssssi : i : Junior Hi9h - 2: senior High - 3j Technicai 



b Ad justed to exclude the No Response column 
C UNVPURSC and UNVAPPSC combined 



Table 12 shows that the university respondents had at- 
tended school for a similar number of years. The UNVSC 
group had on the average one (1) more year of school than 
did the UNVNONSC group. Somewhat surprising is the evidence 
that two (2). UNVNONSC respondents had completed only sixteen 
(16) years of school. The PUBSC group averaged one (1) year 
beyond the Bachelor's level while the PUBNONSC group aver- 
aged two (2) years beyond high school. 

On the average parents of the PUBNONSC respondents com- 
pleted approximately eleven (11) years of school. On the 
average parents of the respondents in the PUBSC , UNVNONSC, 
and UNVSC groups completed approximately twelve (12) to 
thirteen (13) years of school. The delineation of the num- 
ber of years of school completed by mothers and fathers of 
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Daccriptlv* Statistics for Last, Vsax ol 



Crsu? 


Ko iU»ponaa* 




10 




11 




12 




13 




14 


15 






16 




Mo. 


% of 

Croup 


Mo. 


% b 


Mo. 


% 


Mo, 


% 


Mo. 


% 


Wo, 


% 


So. 


% 


MO. 


I 




2 


a. 7 


































































































WVMGnSC 




10.9 


























2 


4.9 






1.9 










1 


2.0 


2 


2.9 


5 


9.8 


2 


3.9 


17 


33.3 


•.u-.jo.isc 




2.4 


1 


2.4 


2 


4.9 


16 


39.0 


1 


2.4 


5 


1..2 


3 


7.3 


7 


17.1 






4.9 


1 


0.6 


2 


1.1 


17 


9.7 


3 


1.7 


10 


5.7 


5 


2. a 


2C 


14.8 



a Ca^.ji: No aacpcnso - blank; 1 • If 4 - 2; . ..; 24 - 24 

d .U* \ittm& CO SXCludS tA* Ko JU.p&OM COlUBA 
C :KV?1715C and UMV*??SC ./-Vlblnad 



Dascilftivt Statistic* for Last Yaar of School C* 





Mo 


JUS^onta* 


4 






5 




6 


7 






8 


9 






10 






Mo 


I Of 

Croj? 


Mo. 




Mo. 


% 


Mo. 


% 


Mo. 


% 


> >• 


% 


Mo. 


% 


Ko. 


% 


M< 


UV/PLftSC 




B.7 










2 


9.5 






3 


14.3 


2 


9.5 


1 


4.8 








13.6 


1 


i.3 










1 


5.3 ■ 


3 


15.8 






1 


5.3 




L'KYSC 0 




11.1 


1 


2.5 






2 


5.0 


1 


2.5 


6 


15.0 


2 


5.0 


2 


5.0 




UKVKQiiCC 




10.9 






1 


2.4 










9 


22.0 






3 


7.3 


3 






13.5 










1 


2.2 






12 


26.7 


1 


2.2 


1 


2.2 




PULMGKSC 




19.0 


1 


2.9 


1 


2.9 


1 


2.9 






4 


11.8 


1 


2.9 


3 


9.9 


i 


OVZNALL 


25 


13.5 


2 


1.2 


2 


1.2 


4 


i 2.5 


1 


0.6 


31 


19.4 


4 


2.5 


9 


5.6 





Crisis Ko Suspense - blank} 1*1; 2-2; ...; 24 - 24 
*k±}u*f<l to axe luda tha Mo ftatpoa*'. column 



Descripcivo Statistic* for La*t Year of Sch 





So. 


t off 
crow* 


So. 




So. 


1 


*>. 


1 


So. 


% 


So. 


1 


so. 


% 




% 


Ho. 


% 








a. 7 








4.S 






3 


14.3 






3 


14.3 
















9.1 


1 


3.4 




5.0 






I 


5.0 


2 


to. 0 










1 


4.0 








a. 9 


I 


2.4 




4.) 






4 


9.1 


2 


4.9 


3 


7.1* 






1 


2.4 








10.9 


I 


2.4 






1 


2.4 


1 


2.4 


1 


2.4 


3 


7.3 


1 


2.4 


2 


4.9 




svuc 




19. C 


1 


2.3 




















22.7 


X 


2.3 


3 


4.1 








l».o 










1 


2.9 


■ 3 


6.1 






n * r ' 


20.6 


3 


9.9 


3 


l.s 




a.tSAU. 




1J.S 


2 


1.9 




1.3 


2 




• 


5.0 


3 


1.9 


23 


1C.4 


4 


2.5 


9 


5.6 








ak; 1 


• if 2 - 


2f ...I 


24 - 


24 



























^,au»4 to oaclo4» vm So soopasaa colt** 
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23 
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Mo* 

"V. 


%» 


Mo 
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i 


Mo J 


1 


Ko. 


i 


Mo, 


V 


Ma 
HO. 


i 


no. 
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2 




| 


28*8 




38.1 


j 


14 1 


3 
• 


Q t 






ftO.137 


1.108 




■ 




• 




3 


13*8 


3 


13.8 


3 


13*8 




13*8 


3 




2 


*•* 


1 


33 7 


31 Til 


9 hi 
4. 13. 












3 


7.0 


5 


11.8 


0 


20 8 




2S.8 




14.0 




8 2 


J 


11 f 


31 A?7 


1 711 
1.711 






4.9 






4 


8 B 

7*9 


3 




It 


It A 






2 




3 
• 




J 
1 


ft • 


3A lit 


1 fill 


•9 


17 


33.3 


8 


11.8 


5 


9.8 


$ 


9.8 


4 


7*8 




S.9 


1 


2.0 


m 


* 


* 




18.902 


3.283 


.3 


7 


X7.1 


3 


7.3 


2 


4.9 






■ 






2.4 


m 


• 


«• 


<• 


to 




13.951 


2.439 


,8 


2C 


14.8 


9 


S.l 


14 


' 8.0 


n 


8.8 


29 


18.5 


24 


13.8 


9 


5.1 


8 


3.4 


9 


5.1 


19.040 


3.488 
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10 


11 




12 


13 




14 


18 


17 




18 




20 


HoAA 


$0 




Wo. 


t 


HO. 1 


No. 


I 


Ko. 1 


to. 


1 


kio. i 


Mo. t 


no. 


1 


No. 


t 






5 


1 


4.8 




5 


23.9 


1 4.8 


4 


19.0 


2 9.S 






* 


1 


4.8 


11.88' 


3.SS4 




1 


5*3 


2 ICS 


8 


31.8 


m ^ 


2 


10. 5 


3 15.8 


• ■ 


• • 


• 


* 




a. 3i. 


3.250 


0 


3 


5.0 


2 5.0 


11 


27.5 


1 2.5 


8 


1S.0 


S 12. S 








1 


2.5 


11.500 


3.174 




3 


7.3 


1 2.4 


13 


31.7 


5 12.2 


3 


7.3 


S 12.2 




1 


3.4 


• 




11.88V 


.2.893 


2 


1 


2.2 




17 


37.8 


1 2*2 


S 


11.1 


8 13.3 


1 3.3 


■ 




• 




11.57* 


2.919 


9 


3 


8.3 


1 2.9 


17 


50.0 


3 9*8 




* 


3 S.9 


• m 


m 








10.94; 


2.851 


5 


9 


5*8 


4 2.5 


58 


38.2 


10 8.3 


14 


8.7 


18 11.2 


1 ■ 0.8 


1 


0.8 


1 


0.8 


11.45) 


2.585 



List Ywr of School Coopleted by FAthen/Ciurdiani of Rtfapondenti (FATSCm) 



12 



13 



14 



15 



18 



17 



II 



19 



24 



1 *». 


1 


»0. 


1 


Mo. 


t 


*0. 


I 




t 


Ho. 


1 MO. 


% 


MO. 


1 H* 


t 


MO. 


t 


10. 


« M. 


t 










4 


JM 


2 


9.8 


) 


14.) 




• 


• > 


• J 


4.8 




• • 




1 


4.1 


1 


4.1 


• 


11.811 


4.477 


5.9 1 


5.4 


3 


23.0 




• 


2 


10.0 






5 


23. 4 




1 * 


5.0 








• 


• m 




11.790 


4.142 


3.4 1 


2.1 


11 


24.1 


3 


4.5 


3 


12.2 






3 


12.3 1 


3.4 


1 


2.4 


m 


1 


3.4 




2.4 




11.458 


4.357 


4.9 


• 


la 


29.) 


2 


4.5 


5 


10.9 


2 


4.9 


) 


7.3 2 


1.4 


3 


4.9 1 
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13.171 
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17 
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4.1 
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• 


• 


1 


1.9 




• 


3 


1.8 






• * 


• 






1 


3.1 




10.474 


3.371 


5.8 9 


S.l 


30 


31.2 ( 


4 


2.5 


14 


8.7 


2 


1.2 


14 


18.8 3 


1.8 


4 


2.9 1 


9.5 


1 


1.9 


2 


1.3 3 


1.2 


11.749 


3.9CS 



ERIC 



155 
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the respondents is given in Tables 13 and- 14. 

The great majority of university respondents held a 
doctorate or its equivalent {Table 15). More PUBSC respond- 
ents (43%) held a Bachelor's degree than any other degree. 
The majority of the PUBNONSC respondents (54%) held a high 
school diploma as their highest degree. 

Comparing Tables 16 and 17, it is observed that the re- 
spondents had a better memory for the science courses they 
had at the senior high level than for those they had at the 
junior high level. 

Table 18 indicates that 33% of the respondents did not 
believe they had science in the seventh grade. Table 19 in- 
dicates that 2 3% of the respondents did not believe they had 
science in the eighth grade. These percentages were sur- 
prisingly large. Woodburn and obourn (1965) reported that 
.general science was an accepted offering in the seventh and 
eighth grades in the 1920' s. They cited Bulletin 26 on the 
Reorganization of Science in Secondary Schools (Caldwell, 
1920) as a major influence in establishing science in these 
grades. Table 8 showed that 95% of the respondents were 
not older than 65 years. Therefore, since even the 65 year 
old persons would not have been in the seventh grade until 
approximately 192 3, it was believed that more persons had 
science . the seventh and eighth grades than was reported. 
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Table 16 



Descriptive Statistics for Respondent*' Knowledge of Having Science 
at the Junior High School Level (JHSDNK) 



Group 


No Response 3 

No. % of 
Group 


Person Knew 
No. % b 


Person Did 
Not Know 

No. % 


Mean 


SD 


UNVPURSC 


2 


8.7 


18 


85.7 


3 


14.3 


0.143 


0.359 


UNVAPPSC 






14 


63. 6 


8 


36.4 


0.364 


0.492 


UNVSC C 


2 


4.4 


32 


74.4 


11 


25.6 


0.256 


0.441 


UNVNONSC 


6 


13.0 


33 


82.5 


7 


17.5 


0.175 


0.385 


PUBSC 


1 


1.9 


41 


80.4 


10 


19.6 


0.196 


0.401 


PU3M0NSC 


1 


2.4 


29 


70.7 


12 


29.3 


0.293 


0.461 


OVERALL 


10 


S.4 


135 


77.1 


40 


22.9 


0.229 


0.421 


a 

Coded: No 

X 


Response 


■ blank; 


Person 


Knew • 0$ 


Persons Did 


Not Know - 


1 



Adjusted to exclude the No Respom.e column 
C UNVPURSC and UNVAFPSC combined 



Table 17 

Descriptive Statistics for Respondents' Knowledge of Having 
at the Senior High School Level (SHDNK) 



Group No Response* Person Knew Person Did Mean 

Not Know 

No. % of No. % b No. % . 

Group 



UIJVPURSC 


2 


8.7 


20 


95.2 


1 


4.8 


0.048 


0.218 


UNVAPPSC 






20 


90.9 


2 


9.1 


0.091 


0.294 


UNVSC C 


2 


4.4 


40 


93.0 


3 


7.0 


0.070 


0.258 


UNVNONSC 


6 


13.0 


38 


95.0 


2 ' 


5.0 


0.050 


0.221 


PUBSC 


1 


1.9 


49 


96.1 


2 


3.9 


0.039 


0.196 


PUBNONSC 


1 


2.4 


35 


85.4 


6 


14.6 


0.146 


0.358 


OVERALL 


10 


5.4 


162 


92.6 


13 


7.4 


0.074 


0.263 


a Coded: No 


Response 


« blank; 


Person 


Knew «0; 


Person 


Di<? Not 


Know ■» 1 




^Adjusted to 


exclude 


the No Response 


column 











UNVPURSC and UNVAPPSC combined 
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Tahiti 18 

Descriptive Statistics for Seventh Grade Science of Respondent (JHS7) 



Group 


No 


Response 3 


Did 


Not Have 


Did 


Have 


Mean 


SD 




NO. 


d »of 


NO. 


% b 


No. 


% 










Group 












UNVPURSC 


5 


21.7 


4 


22.2 


14 


77.8 


0.778 


0.428 


UHVAPPSC 


8 


36.4 


4 


28.6 


10 


71.4 


0.714 


0.469 


UNVSC C 


13 


28.9 


8 


25.0 


24 


75.0 


0.750 


0.440 


UNVNONSC 


13 


28.3 


8 


24.2 


25 


75.8 


0.758 


0.435 


PU6SC 


11 


21.2 


19 


46.3 


22 


53.7 


0.537 


0.505 


PUBNONSC 


13 


31.0 


10 


34.5 


19 


65.5 


0.655 


0.484 


OVERALL 


50 


27.0 


45 


33.3 


90 


66.7 


0.667 


0.473 



Coded: No Response * blank; Did Not Have - 0; Did Have - 1 
Adjusted to exclude the no Response column 
C UNVPURSC and Ufc/APPSC combined 

^vLTs 8 ^ 't r ^ S J un!or i H ig n ri^cT nd "* ^ M "° - 



Table 19 

descriptive Statistics for Eighth Grade Science of Respondent (JHS8) 



Coded: no Response = blank; Did Not Have - 0; Did Have - 1 
Adjusted to exclude the No Response column 
C UNVPURSC and UNV.iPPSC combined 

Asanas: tt&?v?£3~ and who had no knowiedge ° £ 



Group 


NO 


Response 3 


Did 


Not Have 


Did 


Have 


Mean 


SD 




NO. 


d lot 


No. 


% b 


No. 


% 










Group 












UNVPURSC 


5 


21.7 


4 


22.2 


14 


77.3 


0.778 


0.428 


UNVAPPSC 


8 


36.4 


5 


35.7 


9 


64.3 


0.643 


0.497 


UNVSC C 


13 


28.9 


9 


28.1 


23 


71.9 


0.719 


0.457 


UNVNONSC 


13 


28.3 


7 


21.2 


26 


78.8 


0.788 


0.415 


PUBSC 


11 


21.2 


9 


22.0 


32 


78.0 


0.780* 


0.419 


PUBNONSC 


13 


31.0 


6 


20.7 


23 


79.3 


0.793 


0.412 


OVERALL 


50 


27.0 


31 


23.0 


104 


77.0 


0.770 


0.422 



159 



137 

Figure 9 summarizes Tables 20, 21, 22, 23, and 24. The 
percentages of respondents in the UNVPURSC, UNVAPPSC, 
UNVNONSC, PUBSC, and PUBNONSC groups who had general science, 
earth science, or biology did not vary by much- Few of the 
respondents had an earth science course. This was not sur- 
prising. Woodburn and Obourn (1965) reported that in 1920 
only 4.5% of all ninth through twelfth grade students, were 
enrolled in an earth science course. By 1949 this enroll- 
ment had decreased to 0.4% I with the introduction of the 
Earth Science Curriculum Project in the mid 1960's more 
schools have built earth science into the curriculum. 



Table 20 



t Descriptive 


Statistics 


for Senior High General 


Science 


of Respondent 


(SHGENSCI) 


Group 


No \esponse a 


Did 


Not Have 


Did 


Have 


Mean 


SD 




No. d 


% of 
Group 


No. 


% b 


No. 


% 






UNVPURSC 


3 


13.0 


R 


40.0 


12 


60.0 


0.600 


0.503 


UNVAPPSC 


2 


9.1 


8 


40.0 


12 


60.0 


0.600 


0.503 


UNVSC C 


5 


11.1 


16 


40.0 


24 


60.0 


0.600 


0.496 


UNVttONSC 


8 


17.4 


12 


31.6 


26 


68.4 


0.684 


0.471 


PUBSC 


3 


5.8 


21 


42.9 


28 


57.1 


0.571' 


0.500 


PUBNONSC 


7 


16.7 


11 


31.4 


24 


68.6 


0.686 


0.471 


OVERALL 


23 


12.4 


60 


37.0 


102 


63.0 


0.630 


0.464 



a Coded; No Response » blank; Did Not Have « 0; Did Have - 1 
b Adjusted t'o^exclude the No Response column 
C UNVPURSC and UNVAPPSC combined 

d Includes those persons who did not respond and who had no knowledge of 
having science at the Senior High level 
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Table 21 

Descriptive Statistics for Senior High Earth Science of Respondent (SIIERTSCI) 



Group 



No response* Did 
d 



NO 



% Of 

Group 



NO. 



Not Have 



Did Have 
NO. % 



Mean 



SD 



UNVPURSC 


3 


13.0 


17 


85.0 


3 


13.0 


0.150 


0.366 


UNVAPPSC 


2 


9.1 


16 


80.0 


4 


20.0 


0.200 


0.410 


UNVSC C 


5 


11.1 


33 


82.5 


7 


17.5 


0.175 


0.385 


UNVNONSC 


8 


17.4 


37 


97.4 


1 


2.6 


0.026 


0.162 


PUBSC 


3 


5.8 


43 


87.8 


6 


12.2 


0.122 


0.331 


PUBNONSC 


7 


16.7 


31 


88.6 


4 


11.4 


0.114 


0.323 


OVERALL 

■a 


23 


12.4 


144 


88.9 


18 


11.1 


0.111 


0.315 



No Response - blank; Did Not Have - 0; Did Have - 1 
"Adjusted to exclude the No Response column 
°UNVPURSC and UNVAPPSC combined 



Table 22 

Descriptive Statistics for Senior High Biology of Respondent (SHBIOL) 



Group 


NO 


Response* 


Did 


Vot Have 


Did 


Have 


Mean 


SD 




NO. 


d %of 


NO. 


% b 


NO. 


% 










Group 












UNVPURSC 


3 


13.0 


4 


20.0 


16 


80.0 


0.800 


0.410 


UNVAPPSC 


2 


9.1 


5 


25.0 


15 


75.0 


0.750 


0.444 


UNVSC C 


5 


11.1 


9 


22.5 


31 


77.5 


0.775 


0.423 


UNVNONSC 


8 


17.4 


11 


28.9 


27 


71.1 


0.711 


0.460 


PUBSC 


3 


5.8 


16 


32.7 


33 


67.3 


0.673 


u.474 


PUBNONSC 


7 


16.7 


8 


22.9 


27 


77.1 


0.771 


0.426 


OVERALL 


23 


12.4 


44 


27.2 


118 


72.8 


0.728 


0.446 



Coded: Nc Response « blanx; Did Not Have « 0; Did Have - 1 
Adjusted to exclude the No Response column 
C UNVPURSC and UNVAPPSC combined 

l^inTscSeni: STSTAJ tfiST "* *° ^ "° 
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Table 23 

Inscriptive Statistics for Senior High Chemistry of Respondent (SHCHEM) 



Group 


No 


Response 0 


. Did 


Not Have 


Did 


Have 


Mean 


SD 




No. 


d » of 
Group 


No. 


% b 


No. 


% 






UNVPURSC 


3 


13.0 


4 


20.0 


16 


80.0 


0.800 


0.410 


UNVAPPSC 


2 


9.1 






20 


100.0 


1.000 


0.000 


UNVSC C 


5 


11.1 


4 


10.0 


36 


90.0 


0.900 


0.304 


UNVNONSC 


8 


17.4 


7 


18.4 


31 


81.6 


0.816 


0.393 


PUBSC 


3 


5.8 


6 


,12.2 


43 


87.8 


0.878 


0.331 


PUBNONSC 


7 


16.7 


18 


51.4 


17 


48.6 


0.486 


0.507 


OVERALL 


23 


12.4 


35 


21.6 


127 


78.4 


0.784 


0.413 



b Adjusted to exclude the No Response column 
C UNVPURSC and UN' APPSC combined 

d Includes those persons who did not respond and who had no knowledge of 
having science at the Senior High level 



Table 24 

Descriptive Statistics for Senior High Physics of Respondent (SHPHYS) 



Grcfup 


No 


Response* 


Did 


Not Have 


Did 


Have 


Mean 


SD 




No. 


d %of 

Group 


No. 


% b 


No. 


% 






UNVPURSC 


3 


13.0 


4 


20.0 


16 


80.0 


0.800 


0.410 


UNVAPPSC 


2 


9.1 


2 


10.0 


18 


90.0 


0.900 


0.303 


UNVSC C 


5 


11.1 


6 


15.0 


34 


85.0 


0.850 


0.362 


UNVNONSC 


8 


17.4 


12 


31.6 


26 


68.4 


0.684 


0.471 


PUBSC 


3 


5.8 


10 


20.4 


39 


79.6 


0.796 


0.407 


PUBNONSC 


7 


16.7 


26 


74.3 


9 


25.7 


0.257 


0.443 


OVERALL 


23 


12.4 


54 


33.3 


108 


66.7 


0.667 


0.473 



°Coded: 



No Response - blank? Did Not Have » 0; Did Have - 1 



Adjusted to exclude the No Response column 
C UNVPURSC and UNVAPPSC combined 

d ^inf e Li h ° Se P f r f? nS Wh ? did . n ? fc respond an d who had no knowledge of 
having science at the Senior High level 
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Percent 
of the 
Respondents 
7/ho took 
";ourso 



100 



90 



80 



70 



60 



50 



40 



30 



20 



10 



■ nen uuvsc 
w^ca pubsc 

C I I 23 ONVNCfaSC 
R*^** PUBNONSC 

■ a S3 C3 OVERALL 



E 



110 






fill 9 




Si g 

ml 




n 

D 

a 




:ls|s 



General 
Science 



Earth 
Science 



Biology 



Chemistry 



Physics 



Figure 9 

Percent of Respondents Who Had the Science Courses 
Described m Tables 20, 21, 22, 23, and 24 



ERIC 



However, even as late as the 1970-71 school year only 40% 
of the schools participating in a study by Schlessinger , 
et al. (1973) reported offering an earth science course 
(see page 49 of Chapter II). with regard to chemistry and 
physics, the UNVSC, UNVNONSC, and PUBSC groups followed the 
same trend; however, the PUBNONSC group deviated markedly. 

Figure 10 clarifies how the variables CLBIOSCI, 
CLPHYSCI, CLERTSCI, and CLENGSCI were coded for computer 
analysis. This figure is hypothetical example for two 
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College: major Geology minor Math 

Graduate or Professional School : 

major Geology ; minor Physics 

Number of Quarter Hours 

0-12 13-36 37 or more 

Biological sciences 

Physical sciences 

Earth sciences . ~~ 

Engineering courses ~ ** "™ 



College ; major Geology minor Math 

Graduate or Professional School : 

major Geology minor Physics 

Number of Quarter Hours 

. , . 0-12 13-36 37 or more 
Biological sciences 
Physical sciences ~~~ x 

Earth sciences — x — 

Engineering courses 



Figure 10 

Examples of Types of Responses for the Variables, 
CLBIOSCI, CLPHYSCI, CLERTSCI, and CLENGSCI 



different respondents. In both cases the respondents had 
the same majors and minors. Respondent A did not indicate 
what sciences he had studied nor what amounts, even though 
he could be expected to have had several hours of science 
at the college level. His responses would be coded as 
"blanks" on each of the variables. Respondent B indicated 
the types of sciences he studied and the numbers of b.ours 
of each. His responses would have been coded for computer 
analysis as 0, 2, 3, and 0 for these four (4) variables. 
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Respondent A 



Respondent B 
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The format of the 0-12 quarter hours column should be 
avoided in any future research with the INFORMATION SHEET. 
A person who checks this column could be indicating that he 
had zero (0) hours or that he had from 1-12 hours. For this 
study it meant that error was introduced into the data on 
these four (4) variables. However, only four (4) of the 185 
respondents checked the 0-12 column for all of these vari- 
ables; hence, it was believed that the introduced error was 
. small . 

Tables 25, 26, 27, and 28 present data concerning the 
number of quarter hours the respondents completed at. the 
college or university level in the areas of biological sci- 
ence, physical science, earth science, and engineering. In 
the pure sciences (Tables 25, 26, and 27) it is observed 
that the UNVSC respondents had considerably more course work 
than did the other respondents even in the PUBSC group. 
Since the UNVSC group completed approximately four (4) more 
years of school than did the PUBSC group, this is to be ex- 
pected (see Table 12). However, the PUBSC group did exceed 
the UNVSC group in terms of number of hours completed in en- 
gineering courses. Comparing Tables 2 and 5 in Chapter m, 
it is found that 38% of the persons sampled for the PUBSC 
group were engineers, whereas only 16% oi the persons sampled 
for the UNVSC group were engineers. Therefore, this differ- 
ence in hours completed in engineering was not surprising. 
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Table 25 



Group 



Descriptive Statistics for Number of Quarter Hours of College Level 
Biological science Completed by Respondents (CLBIOSCI) 



No Response* Left Blank 



0-12 



13-36 





No. 


% of 
Group 


NO. 


% b 


No. 


% 


NO. 


ft 


No. 


UNVPURSC 


2 


8.7 


1 


4.8 


8 


38.1 


1 


4.8 


11 


UNVAPPSC 


6 


27.3 


4 


25.0 


3 


18.8 


3 


18.8 


6 


UNVSC C 


e 


17.8 


5 


13.5 


11 


29.7 


4 


10.8 


17 


UNVNONSC 


9 


19.6 


12 


32.4 


18 


48.6 


7 


18.9 




PUBSC 


5 


9.6 


19 


40.3 


12 


25.5 


6 


12.8 


10 


PUBNONSC 


2 


4.8 


29 


72.5 


11 


27.5 








OVERALL 


24 


13.0 


65 


40.4 


52 


32.3 


17 


10.6 


27 



37 or More 
t 



Me en 



52.4 
37.5 
45.9 

21.3 

16.8 



2.048 
1.688 
1.892 
0.865 
1.149 
0.275 
1.037 



Coded: 



No Response « blank; Left Blank « 0; 0-12 - 1; i 3 - 36 



Adjusted to exclude the No Response column 
C UNVPURSC and UNVAPPSC combined 



■ 2; 37 or More ■ 3 



SD 



1.071 
1.250 
1.149 
0.713 
1.179 
0.452 
1.089 



Group . 



Table 26 

Descriptive Statistics for Number of Quarter Hours of colleoe Level 
Physical science Completed by Respondents (CL^YSC!* 



No Response 

NO. % of 

Group 



Left Blank 



NO. 



0-12 



No. 



13-3 6 



NO. 



37 or More 



NO. 



Mean 



SD 



UNVPURSC 

UNVAPPSC 

UNVSC C 

UNVNONSC 

PUBSC 

PUBNONSC 

OVERALL 



2 
6 
8 
9 
5 
2 
24 



8.7 
27.3 
17.8 
19.6 
9.6 
4.8 
13.0 



2 


9.5 


3 


14.3 


3 


14.3 


13 


61.9 


2.286 


1.056 


1 


6.3 


1 


6.3 


6 


37.5 


8 


50.0 


2.313 


0.873 


3 


8.1 


4 


10.8 


9 


24.3 


21 


56.8 


2.297 


0.968 


7 


18.9 


19 


51.4 


9 


24.3 


2 


5.4 


1.162 


0.800 


10 


21.3 


9 


19.1 


15 


31.9 


13 


27.7 


1.660 


1.109 


26 


65.0 


10 


25.0 


3 


7.5 


1 


2.5 


0.475 


0.751 


46 


28.6 


42 


26.1 


36 


22.4 


37 


23.0 


1.398 


1.131 



^Coded: No Response . blank; Left Blank - 0; 0-12 - 1, 13 -36 - 2; 37 or More - 3 
Adjusted to exclude the No Response column 
C UNVPURSC and UNVAPPSC combined 
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Table 27 

Descriptive Statistics for Number of Quarter Hours of College Level 
Earth Scie «ce Completed by Respondents (CLERTSCZ) 



Group No Response 3 Left Blank 



0-12 



13-36 





No. 


% of 
Group 


No. 


. % b 


No, 




t 


No. 


% 


No. 


UNVPURSC 


2 


8.7 


8 


38.1 


8 


38 


.1 


3 


14.3 


2 


UNVAPPSC 


6 


27.3 


5 


31.3 


10 


62 


.5 


1 


6.3 




UNVSC C 


8 


17.8 


13 


35.1 


18 


48 


.6 


4 


10.8 


2 


UNVNONSC 


9 


19.6 


25 


67.6 


10 


27, 


.0 


2 


5.4 




PUBSC 


5 


9.6 


32 


68. I 


13 


27. 


,7 






2 


PUB;"3NSC 


2 


4.8 


29 


72.5 


11 


27. 


,5 








OVERALL 


24 


13.0 


99 


61.5 


52 


32. 


3 


6 


3.7 


4 



37 or More 
% 



Mean 



9.5 



5.4 



4.3 



2.5 



0.952 
0.750 
0.865 
0.378 
0.404 
0.275 
0.472 



^Coded: no Response - blank; Left Blank - 0; 0-12 - 1, 13 -36 - 2, 37 or More 

Adjusted to exclude the fto Response column 
C UNVPURSC and UNVAPPSC combined 



SD 



0.973 
0.577 
0.822 
0.594 
0.712 
0.452 
0.690 



Table 28 



Group 



No Response* 

Nr. * of 
Group 



Left Blank 



No. 



0-12 
No. 



13-36 



No. 



37 or More Mean 
No. % 



UNVPURSC 


2 


8.7 


12 


57.1 


6 


28.6 


2 


UNVAPPSC 


6 


27.3 


3 


18.8 


5 


31.3 




UNVSC C 


8 


17.8 


15 


40.5 


11 


29.7 


2 


UNVNONSC 


9 


19.6 


27 


73.0 


6 


16.2 


1 


PUBSC 


5 


9.6 


16 


34. 0 


12 


25.5 


1 


PUBNONSC 


2 


4.8 


32 


80.0 


5 


12.5 


3 


OVERALL 


24 


13.0 


90 


55.9 


34 


21.1 


7 


*Coded : No 

b. . . 


Response « blank; 


Left Blank 


» 0; 


0-12 m X; 


13 



^Adjusted to exclude the No Response column 
C UNVPURSC and UNVAPPSC combined 



SD 



9.5 


1 


4.8 


0.619 


0.865 




8 


50.0 


1.813 


1.276 


5.4 


9 


24.3 


1.135 


1.206 


2.7 


3 


8.1 


0.459 


0.900 


2.1 


18 


38.3 


1.447 


1.316 


7.5 






0.275 


0.599 


4.3 


30 


18.6 


0.857 


1.156 


- 2; 


37 or 


Mor& m 3 
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The average amounts and types of science courses indi- 
cated by UNVNONSC respondents in Tables 25 through 28 is not 
atypical of minimum requirements for undergraduates. Only 
32% of the PUBNONSC respondents earned at least a Bachelor's 
degree (see Table 15). This would contribute to the fact 
that the PUBNONSC respondents completed so few hours in the 
science and engineering courses. 

Descriptive Statistics for 
the SLQ Data 

In this section the responses to the Q-statements are 
discussed. The discussion centers around the similarities 
and differences in the UNVPURSC, UNVAPPSC, UNVNONSC, PUBSC, 
and PUBNONSC group means on each of the Q-statements. A 
summary of each table generally will be made in terms of all 
of the respondents taken as a total group (OVERALL) . 

Looking at the tables in this section, it is observed 

that most mean values lie between +1 and -1. Therefore, 
+ 

- 1 were used as quasi-ref erences. Q-statements are referred 
to in terms of their number, for example, Q28 is Q-statement 
number 28. The type of TMSL cognitive or affective behavior 
explicated by each Q-statement is enclosed in parentheses 
with each initial reference to the Q-statement. For ex- 
ample, Q28 refers to a knowledge behavior; it will be noted 
as Q2 8 (knowledge) . 
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The sorting process forced persons to sort five (5) 
Q-statements into each of nine (9) piles. The tvo extremes 
for the piles were MOST IMPORTANT and LEAST IMPORT 'IT. 
Therefore, each Q-statement was sorted in terms of how im- 
portant it was relative to all of the other Q-statements 
rather than in terms of absolute importance. During tele- 
phone interviews with respondents after they had returned 
the materials, often the remark was made to the effect, 
"I had trouble putting Q-statements on the LEAST IMPORTANT 
side; i thought they all were important." 

In Table 29 Q28 (knowledge) and Q45 (application) were 
deemed to be more important than the other Q-statements in 
the table by the respondents (OVERALL). The PUBSC, 
UNVNONSC, and PUBNONSC groups tended to Value both Q-state- 
ments similarly.^ Of the UNVAPPSC group 79% of the respond- 
ents felt Q28 was more important, but the UNVPURSC group was 
split in its opinion. Neither the UNVPURSC group nor the 
UNVAPPSC group, felt as strongly about Q45 as did the other 
groups. The science oriented groups differed with the non- 
science oriented groups on Q42 (anlaysis) . The PUBSC group 
tended to rate Q39 (synthesis) and Q21 (evaluation) more 
highly than did the other groups. The respondents (OVERALL) 
tended to value the Factual component Q-statements of the 
Organization of Knowledge dimension. The knowledge and 
application behaviors were valued to a greater extent than 
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148 

were the analysis, synthesis, and evaluation behaviors. 

Table 30 shows that all groups believed Q13 (valuing) 
to be less important than the other Q-statements in the 
table. The public groups, both science and nonscience, were 
stronger in this belief than were the university pure and 
applied groups. The UNVNONSC group placed a low level of 
importance on Q13 but not to the same extent as did the 
other groups. The PUBSC group and the UNVNONSC group felt 
strongly about Q19 (application) ; however, the PUBSC group 
gave it a positive rating while the UNVNONSC group gave it 
a negative rating. By the same token, Q27 (synthesis) was 
rated positively by the UNVAPPSC group and negatively by the 
UNVPURSC group. The respondents (OVERALL) tended to value 
the Q-statements dealing with cognitive behaviors in the 
Generalizations component of the Organization of Kuon\*fr\ 
dimension. They tended to value the affective behavior th<: 
least. 

Table 31 indicates that all groups placed concirferab] 1. 
more importance on Q41 (knowledge) than on Q25 (synth^i:,! 
The science oriented groups tended to place less imp. .tance 
on Q29 (behaving) than did the nonscience oriented groups. 
Likewise, the PUBSC and PUBNONSC groups did not place as 
much importance on Q34 (advocating) , whereas the UNVPURSC 
and UNVATPSC groups did — the UNVNONSC group was amb.ivalent. 
The knowledge behavior in the Discipline component of the 
Organization of Knowledge dimension was generally considered 
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• • Tab la 30 
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9 


7 


14 


4.6 


' 5.1 


_ 4.0 


8.0 



1) 
ii.9 
i9 

16.6 
12 

6.9 
16 

9.1 
11 

6.3 



0.251 
0.960 
0.463 
0.160 
-1.434 



envalope 



2*Ui 

: >o 

1.963 

...294 
2.894 



0.212 


2.468 


1.192 


2.335 


0.88S 


2.193 


0.577 


2.061 


-1.962 


2.376 



3 


0.286 


2.S21 


7.1 






10 


0.833 


2.713 


23.8 






4 


0.500 


2.452 


9.3 






3 


-0.300 


2.309 


7.1 






1 " 


-2.071 


2.310 









2.433 
2.424 
2.264 
2.210 
2.583 
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Table 31 

De.criptlve SLiUiU. for *«,ponae. to Q-.tste.cnt. of the Discipline Component 
of the Organli*.tlon of KnsvK^o Dimension 



fccspoue*.? 



lmvruusc 
lAl3-» 



41* 
IA53 

as 

1B231 

29 

XB33 

24_ 



IMVArpSC 



1A13 
41 
XA53 
25 

IB2.31 
29 

XB33 

2L. 



IA13 
41 . 
U33 
25 

IB231 
29 

IB33 

34 



1AJ.3 
41 

IA53 

25. 

IB231 

29 

IB33 

34 

PUBSC 



Valid C.i*tw; 21 (ll. n) HiMUlnc C.-wci! 3 r« 7t\ ~ 

Xnowledtfu - ic i *" _ ' — : - • v — 



Knowledgu 
Synthesis 
Behaving 
Advocating 



U 

52.4 
4 

19.0 
1 

4,8 



1 A 1 

♦.e* 4.e 

5 2 

23.8 9.5 

3 2 

14.3 9.5 

1 4 

.4. « 19.0 



__Valld Cris es; 19 /86.4r.) HMsfng Casc*: i 
Knowl cd gc 

Synthesis 

Behaving 

Advocating ' 



6 

31.6 
3 

15.B 
1 



Vnlld Cases; 40 (Bft.Ql l 



4 

21.1 

2 5 
10.5 26.3 

3 4 
15.8 21.1 

1 1 
5.3 5.3 



2 

9.5 
1 

4.B 



>•■' 
i 

4.8 
3 

14.3 



Co 
3 

14.3 
3 

U.3 



6 

28.6 



4 

19.0 
4 

19.0 



1 

4.8 



2 

9.5 
2 

9.5 



8 

38.1 



2 

9.5 



2.095 2.047 

-2.952 1.532 

-0.667 2.536 

0.429 2.315 



Knowledge 
Synches la 
Behaving 
Advocating 
"Talld Cases; 



Knowledge 
Synthesis 
Behaving 
Advocating 



17 

42.5 
7 

17.5 
2 

S.O 

«1 (S9.1I.) 



Mi^slnc Cases; 5 

1 5 
.2.5 12.5 

7 7 

17.5 17.5 

6 6 

15.0 15.0 

2 5 



2 

10.5 
1 

5.3 
4 

21.1 
2 

_10.S 



(n.ro 

2 

5.0 
1 

2.5 
6 

15.0 
3 

7.S 



1 

5.3 



4 

21.1 



3 

15.6 
3 . 

15.6 
4 

21.1 
3 

136 



1 

5.3 



5 

26.3 



1 

5.3 
1 

5.3 
1 

5.3 
2 



7 

36.8 
1 

3.3 



1.368 2.477 

-1.632 2.499 

-1.368 2.006 

0.421 1.953 



3 

7.3 
11 
26.8 
3 

7.3 
5 

12.2 



(10.9^) 
3 



3 

7.5 
2 

5.0 
1 

2.5 
7 

17.S 



5 

12.5 
4 

10.0 
7 

17.5 
6 

1S.0 



7 

17.5 



4 

10.0 
9 

22.5 



2 

5.0 
1 

2.5 
3 

7.5 
4 

10.0 



15 

37.5 
1 

2.5 



2 

. S.O 



1.750 2.262 

-2.325 2.129 

-1.000 2.298 

0.425 2.123 



7 

17.1 
4 

9.8 
4 

9-8 



U 

26.8 
5 

12>2 

2- 

4.9 

Valid Case s; 5? (lOOr.) Mining Cases; 0 

2. 
3.8 
7 

13.5 
6 

11.5 
9 

17. 



7.3 
2 

4.9 
3 

7.3 
9 

22.0 



3 

7.3 
6 
14.6 
6 

14.6 
5 

12.2 



6 

14.6 
1 

2.4 
5 

12.2 
4 

9.8 



6 

14.6 



9 

22.0 
2 

4.9 



8 

19.5 
2 

4.9 

5 

12.2 
8 

19.5 



12 

29.3 
1 

2.4 
1 

2>4 

2 

4.9 



1.902 2.095 

-2.000 2.098 

0.049 2.387 

0.000 2.335 



IA13 
41 

IA53 
25 

XB231 
29 

2B33 
34 



M/BNOSSC 
1A13 



Knowledge 
Synthesis 
Behaving 
Advocating 



3 

5.8 
8 

15.4 
4 

7.7 
4 

7.7 



2 

3.8 
11 
21.2 

5 

9.6 
7 

13.5 



5 



Valid Ca* p«; 42 (100*) Missing C^cs; 0 
Knowledge 



9.6 
8 

15.4 
9 

17.3 
9 

17.3 



10 

19.2 
5 

9.6 
7 

13.5 



8 

15.4 
4 

7.7 
9 

17.3 
6 

n.s 



8 

15.4 



3 

5.8 
8 

15.4 



6 

11.5 
6 

11.5 
3 

5.8 
4 

7.7 



8 

15.4 
3 

5.8 
6 

11.5 
1 

_ 1.9 



0.904 2.251 

-1.019 2.485 

-0.077 2.367 

-O.500 2.210 



41 

1A53 
25 

11231 
29 

1B33 

U 

o verall 

1A13 
41 

IA53 
25 

2B231 

29 

1833 

34 

T 



Syntheals 
Behaving 
Advocating 



2 
4.8 
9 

21.4 
5 

U.9 
3 

7.1 



1 


4 


1 


3 


2.4 


9.5 


2.4 


7.1 


8 


6 


6 


6 


19.0 


14.3 


14.3 


14.3 


2 


9 


3 


4 


4.8 


21.4 


7.1 


9.5 


5 


2 


8 


8 


11.9 


4.8 


1°.0 


19.0 



Knowledge 
Syntheala 
Behaving 
Advocating 



5 

2.9 
45 

25.7 
21 

12.0 
11 

6^3 



7 

4.0 
37 

21.1 
16 
9.1 
19 

10. 9 



11 

6.3 
27 

15.4 
25 

14.3 
20 
11.4 



10 (S.iZi 

11 



8 

19.0 



4 

9.5 
9 

Mi* 



6 

14.3 
7 

16.7 
4 

9.5 
2 

_ 4.8 



5 

11.9 



8 

19.0 
3 

7.1 



12 

28.6 



3 

7.1 
2 

4.6 



1.500 2.381 

-1.524 2.075 

0.024 2.599 

-0.214 2.113 



6.3 
17 

9.7 
21 

12.0 
29 

16.6 



'IttSL clement Identification 
*Q-st*ceaent nueAer 

Jjunber of pcrsoni who placed Q-stateocnt In a particular envelope 
"rcrcenl, adjuitcd Co cscluje biasing cases 
■tWVTl/RSC and Ur.VAPPSC cooblncd 



19 

10.9 

19 

10.9 

18 

10.3 

24 

13.7 



27 

15.4 
9 

5.3 
25 

14.3 

25 

14.3 



27 
15.4 
7 

4.0 
20 
11.4 
21 

12.0 



21 
12.0 
9 

5.1 
19 

10.9 
19 

10.9 



47 

26.9 
5 

2.9 
10 
5.7 
7 

4.0 



1.474 2.266 

-1.669 2.260 

-0.234 2.430 

-0.103 2.205 
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important by the respondents (OVERALL) . The evaluation be- 
havior was considered to be of little importance. Neither 
of the two affective behaviors, behaving and advocating, was 
ranked very highly by the respondents (OVERALL) . 

Table 32 has three (3) Q-statements about which all 
groups agreed- Q7 (analysis) was not ranked as strongly by 
the UNVAPPSC group as it was by the other groups. The same 
was true for Q2 (valuing) . However, Q2 was somewhat more 
strongly supported than was Q7. Q8 (behaving) was believed 
to be of less importance by all groups and especially so by 
the UNVPURSC group. Q15 (advocating) was believed to be 
fairly important by the UNVPURSC and UNVAPPSC groups, of 
less importance by the PUBSC and PUBNONSC groups, and of 
l^ast importance by the UNVNONSC group, m the Intellectual 
Processes dimension the respondents (OVERALL) attached the 
most importance to the analysis and to the valuing behav- 
iors. Some importance was attached to the advocating be- 
havior but not very much to that of behaving. 

Table 33 has only one (1) Q-statement, Q24 (synthesis) , 
which all groups of respondents felt strongly about. In 
this case they saw Q24 as having considerable less impor- 
tance than the others in the table; the UNVNONSC group did 
not feei as strongly as did the other groups. Likewise, all 
groups felt that Q10 (evaluation) was less important than 
other Q-statements, but with the exception of the UNVAPPSC 
group the expression was not as strong as with Q24. On 
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Table 32 

Descriptive Statistics for R*,po«ues to Q-atatctsenta of the Intellectual Processes Dillon 



Q-atateaenta Behavior 



Responses 



uuyrtiRsc 



I1A41 3 

*> 

1IB11 
2 

IXI21 
ft 

IS 



UKVATPSC 

I1A41 

7 

IIB11 
2 

IIB21 

a 

IIB31 

15 

PXVSC* 



+1 



♦3 



Valid C ues: 21 (91.31) Hisjir.^ C^ Z 



Analysis 
Valutas 

Advocating 



1 

4.6 

3 

14.3 
1 

4.8 



l c 

4.*a 



l 

4. ft 



2 

9.5 



2 


3 


3 


9.5 


14.3 


14.3 


1 


2 


2 


4.8 


_ ?.5 


9.5 



_Valld Ca***: 19 m»«in~-. »oa: 3 Cl3.6l7 

*—'--«- l - - 

5.3 
2 

10.5 
9 

47.4 



5 

23. B 
2 

9.5 
2 

9.5 
1 

A. ft 



2 

9.5 
1 

4. ft 

3 

14.3 



3 

14.3 
1 

4. ft 
4 

19.0 
2 

9.5 



4 

19.0' 
ft 
38.1 



4 

19.0 



5 

23.8 
7 

33.3 
3 

14.3 
5 
23.8 



1.476 2.205 

2.476 1.96S 

-0.286 2.686 

1.238 2.54ft 



Analysis 
Valuing 
Behaving 
Advocacies 



1 

5.3 
I 

>.3 
5 
26.3 



2 

10.5 
2 

10.5 



2 

10.5 



2 

10.5 
1 

5.3 



5 

26.3 
3 

15.8 
1 

5.3 
3 

15.8 



2 

10.5 



1 

5.3 
3 

15. B 



3 

15.8 
4 

21.1 



3 

15.8 



3 

15.8 
6 

31.6 
1 

3.3 
3 

15.8 



2 

10.5 
1 

5.3 



4 

21.1 



0.737 2.306 

0.769 2.616 

-2.379 2.036 

1.526 1.982 



IIA41 
7 

mil 
2 

1IB21 
8 

IIB31 

15 

UNVXQSSC 
I1A41 
7 

IIB11 
2 

I1B21 
ft 

IU31 

15 

tUPSC 



Valid Caseej 40 (88. 9;) msnine Cases: 5 (11. IS) 



Analysle 
Valuing 
Behaviog 
Advocating 



Valulog 
Behavioj 



Advocatiat 



1 
2.5 
3 

7.3 
12 

30.0 
1 

2.5 
(59. IX) 
1 

2.4 

1 

2.4 
12 

29.3 
6 

14.6 



2 
3.0 
1 

2.5 
7 

17.5 
1 

2.5 
issinz 
4 

9.8 
5 

12.2 
6 

74.6 



3 
7.5 
2 
5.0 
3 

7.5 
4 

10.0 
Cases : 
2 
4.9 
5 
12.2 
5 

12.2 
3 

7.3 



2 

3.0 



5 

12,5 
3 

7.5 
(10.93) 
1 
2.4 
1 

2.4 
4 

9.8 
2 

4.9 



10 

25.0 
5 

12.5 
3 

7.3 
4 

10.0 

~T~ 
12.2 
1 

2.4 

5 

12.2 
9 

22.0 



2 

5.0 
2 

5.0 
2 

5.0 
6 

15.0 

~5~ 
12.2 
3 

7.3 
4 

9.8 
6 

14.6 



6 

13.0 

3 
12.5 

4 

10.C 
3 

12.5 

~5~ 
12.2 
7 

17.1 
3 

7.3 
5 

12.2 



7 

17.5 
14 

35.0 
1 

2.3 
7 

17.5 

~B~ 
19.5 
9 

22.0 
1 

2.4 
3 

7.3 



17.5 

6 
20.0 

3 

7.5 
9 

22.5 

10 
24.4 
9 

22.0 
1 

2.4 

3 ' 
7.3 



1.125 
1.675 
-1.373 
1.375 

1.415 
1.220 
-1.337 
-0.171 



2.255 
2.422 
2.635 
2.272 

2.429 
2.632 
2.314 
2.479 



ILA41 
7 

IIB11 
2 

IIB21 
ft 

11B31 

15 

PUBS'ONSC 

I1A41 

7 

IIB11 
2 

IIB21 
ft 

IIB31 

15 



Valid Cas es; 57 (1001) Missing Casca: 0 (0.0») 
Analysis 3 



Valuing 
Behaving 
Advocating 



1 

1.9 
9 

17.3 
3 

3.8 



5.8 
4 

7.7 
9 

17.3 
3 

5.8 



4 

7.7 
3 

3.8 
10 

19.2 
4 

7.7 



4 

7.7 
6 

11.5 
3 

9.6 
8 

15.4 



6 

11.3 
2 

3.8 
6 

11.5 
8 

15.4 



7 

13.5 
3 

9.6 
4 

7.7 
5 

9.6 



6 

11.5 
10 

19.2 
8 

15.4 
7 

13.5 



10 
19.2 

6 
15.4 

1 

1.9 
9 

17.3 



12 

23.1 

13 

25.0 



5 

9.6 



1.462 2.209 

1.404 2.395 

-1.250 2.141 

0.558 2.330 



OVERALL 



I1A41 
7 

mil 
2 

I1B21 
8. 

I1B31 

15 



Valid Cases: &2 (100*) Missing Cases- o (O.Ot) 
Analyaia 



Valuing 



Behaving 
Advocating 



1 

2.4 
12 

2B.6 
3 

7.1 



Valid Cases: 175 (94. 6t) 



2 
4.6 
2 

4.8 
4 

9.3 
2 

4.8 



2 
4.6 
1 

2.4 
7 

16.7 
4 

9.5 



3 
7.1 
2 
4.6 
3 

7.1 

5 

11.9 



7 

16.7 
5 

11.9 
6 

14.3 
3 

7.1 



4 

9.3 
7 

16.7 
1 

2.4 

7 

16.7 



9 

21.4 
7 

16.7 
4 

9.3 
9 

31. 4 



4 

9.5 
3 

11.9 
5 

11.9 
7 

16.7 



11 


1.54B 


2.098 


26.2 






12 


1.667 


2.163 


28.6 








-1.262 


2.490 


2 


0.548 


2.276 



4.6 



Analysis 
Valuing 
Behaving 
Advocating 



*IHSL eleoent Identification 
*Q-atatencnt ouabor 



2 


11 


11 


10 


2B 


16 


26 


1.1 


6.3 


6.3 


3.7 


16.0 


10.3 


14.9 


6 


12 


11 


9 


13 


17 


29 


3.4 


6.9 


6.3 


5.1 


7.4 


9.7 


16.6 


45 


26 


25 


17 


20 


11 


19 


25.7 


14.9 


14.3 


9.7 


11.4 


6.3 


10.9 


13 


10 


13 


1ft 


24 


74 


26 


7.4 


5.7 


8.6 


10.3 


13.7 


11.7 


14.9 



29 

16.6 
36 

20.6 
6 

4.6 

26 

14.9 



40 

22.9 
42 

24.0 
4 

2.3 
19 

10.9 



1.394 2.233 

1.468 2.397 

-1.349 2.368 

0.571 2.379 



'Vuofcer of pcmoM uho placed Q-state»cnt in a particular envelope 
•fereent, adjusted to exclude oisslng eases 
IWVPURSC aod UirVAPPSC coined 
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Table 33 

Descriptive Statistics (or Responses to Q-sUteaonls of the. Values *.M Ethics 01 tension 



153 



Q-statcacnt 



Responses 



yxvrvKSc_ 
111 All 3 " 
12b 

1IIA21 
32 

1XIA51 
24 

11IA61 
10 

111B11 
6 



XUAU 
12 

1IIA21 
32 

I1IA51 
24 

1I1A61 
10 

I1I811 

6 

— W 



PKVSg 



111A11 
12 

211A21 
32 

11IA51 
24 

1UA61 
10 

XIIBll 

6 



WVKONSC 

I11A11 

32 

I11A21 
32 

11IAS1 
24 

21XA61 
10 

2UB11 
6 

ruBsc 



43 



^.■f.i*f»: 21 (91. V. ) ?JtMtne Cw. 2 (K.TIT 



Knowledge 
Comprehension 
Synthesis 
Evaluation 
Valuing 



2 

9.5 

2 

•.5 

1 

4.8 



1 

4.8 

5 

23.8 
3 

14.3 
2 

9.3 



1 

4.8 
2 

9.5 
4 

19.0 
5 

23.8 
2 



3 

14.3 
•2 

9.5 

2 

9.5 
2 

9.5 
2 

9.5 



Valid Cases : .19 (86. 41) KUstnr Casca: 3 (I3.f>t1 



3 

14.3 
4 

19.0 
5 

23,8 
1 

4.8 
4 

19.0 



4 

19.0 
4 

19.0 
3 

14.3 
4 

19.0 



5 


1 


2 


23.8 


4.8 


9.5 


5 


1 


2 


23.8 


4.8 


9.5 



2 

9.5 
3 
14.3 



2 

9.5 
3 

lft. 3 



4 

19.0 



0.571 
0.762 
-1.429 
-0.714 
0. 724 



Knowledge 
Comprehension 
Synthesis 
rvalue t Ion 
Valuing 



2 

10.5 
2 

10.5 
4 

21.1 
4 

21.1 
2 

10.5 



Valid Casea: 4Q (S8.9I) 

- • 4 



2 

10.5 

15.8 
3 

is. a 

4 

21.1 

J 

36.8 



4 

21.1 
2 

10.5 
5 

26.3 



5 

Z6,3 



4 

21.1 
2 

10.5 
3 

15.8 
2 

10.5 



3 

15.6 
2 

10.5 
1 

5.3 
2 

10.5 



Knowledge 
Cooprehenafon 
Synthesis 
Evaluation 
Valuing 



H Ustnc Cases: i (11.11) 



3 

15.8 
2 

10.5 
5 

26.3 
2 

10.5 



3 

15.8 

4 
21.1 

1 

5.3 
1 

5.3 
1 

5.3 



I 

5.3 



1 

5.3 
2 



1 

5.3 



-0.842 
-0.474 
-1.789 
-1.053 
-3.526 



10.0 
2 

5.0 
6 

15.0 
6 

15.0 
3 

7.3 



5.0 
4 

10.0 
8 

20.0 
7 

17.5 
9 

27.5 



5 
12.5 
4 

10.0 
9 

22.5 
5 

12.5 
7 

17. S 



Valid Casern 41 (89. 1Z) Misting Cas*»: 
Knowledge 



Comprehension 
Synthesis 
Evaluation 
Valuing 



7 

17.5 
4 

10.0 
5 

12.5 
4 

10.0 
2 

5.0 



2 
4.9 
2 

4.9 
5 

12.2 
9 

22.0 
6 

14.6 



4 
9.8 
8 

19.5 
10 
24.4 
4 

9.8 

7 

17.1 



2 

4.9 
5 

12.2 
5 

12.2 
4 

9.8 
6 

. 14.6 

Valid Cases; 52 (100 Kissing. Case*: 0 

9 

17.3 
8 

15.4 
9 

17.3 
2 

3.8 
4 

7.7 



3 <10.9;) 
6 



6 

15.0 
6 

15.0 
6 

15.0 
3 

7.5 
4 

10.0 



4 

10. 0 
7 

17.5 
5 

12.5 
9 

22.5 
2 

5.0 



8 

20.0 
9 

22.5 
1 

2.5 
3 

7.5 
4 

10.0 



10.0 



14.6 
3 

7.3 
4 

9.8 
6 

19.5 
5 

12.1 



4 

9.8 
4 

9.8 
5 

12.2 
5 

12.2 
4 

9.8 



2.204 
1.695 
1.660 
2.239 
2.610 



2.167 
2.270 
1.813 
2.345 
2.294 



1 


3 


-0.100 


2.274 


2.5 


7.5 






2 


2 


0.175 


2.147 


5.0 


5.0 










-1.600 


1.722 


3 




-0.875 


2.267 


7.5 








5 


4 


-0.350 


2.685 



3 


6 


8 


6 


0.654 


2.435 


7.3 


14.6 


19.5 


14.6 






8 


7 




4 


-0.171 


2.407 


19.5 


17.1 




9.6 




5 


3 


2 


2 


-0.829 


2.279 


12.2 


7.3 


4.9 


4.9 






5 


3 


3 




-0.951 


2.097 


12.2 


7.3 


7.3 








4 

9.S 


3 

7.3 


4 

9.8 


2 

4.9 


-0.756 


2.468 



I11A11 
12 

I11A21 
32 

II1A51 

'24 

211A61 
10 

1I1B11 
6 

rUPN'ONSC 



Knowledge 
Coup rahens ion 
Synthesis 
Evaluation 
Valuing 



15 

28.8 

13 

25.0 
11 

21.2 
6 

11.5 

10 

19.2 



9 

17.3 
7 

13.5 
15 

26.6 
8 

15.4 
7 

13.5 



(0.0S) 



3 
5.8 
7 

13.5 
7 

13.5 
5 

9.6 
9 



7 

13.5 
5 

9.6 
4 

7.7 
9 

17.3 
5 

9-6 



6 

11.5 
4 

7.7 
2 

3.8 
11 

21.2 
9 

17,3 



1 

1.9 
4 

7.7 
1 

1.9 
5 

9.6 
5 

9,6 



3 

5.8 
1 

1.9 
4 

7.7 
3 

3.6 



2 

3.6 
1 

1.9 
2 

3.8 
2 

3.8 



-1.654 
-1.266 
-1.750 
-0.115 
-0 766 



2.066 
2.243 
1.969 
2.063 
2.052 



1I1A11 
12 

II1A21 
32 

111A51 
24 

1I1A61 
10 

SIIB11 
6 



OVrRAF I 



Valid Cases: 42 < 100*1 Hltilng Ciac«: 0 (O.Ot) 



Knowledge 
Comprehension 
Synthesis 
Evsluation 
Valuing 



5 


6 


1 


6 


6 


5 


11.9 ' 


19.0 


2.4 


14.3 


14.3 


11.9 


5 


9 


4 


8 


4 


2 


11.9 


21.4 


9.5 


19.0 


9.5 


4.8 


. 8 


11 


6 


5 


5 


3 


19.0 


26.2 


14.3 


11.9 


11.9 


7.1 


6 


6 


6 


3 


6 


4 


14.3 


14.3 


19.0 


7.1 


14.3 


9.5 


5 


10 


6 


U 


2 


1 


11.9 


21.8 


14.3 


2*. 2 


4.8 


2.4 



11UU 
12 

1HA21 
32 

111A51 
24 

11IA61 
10 

1I1KU 

6 

"m'l. eK'wnt M'-Atli leal Ion' 
*Q~tiiat< n>*nt ft'.cf.cr 



V alid enc«: i75 (9<..(,;) Musing C.ise«: 10 {*>.CZ) 



4 

9.5 
6 

14.3 
3 

7.1 
2 

4.8 

1 

2.4 



5 

11.9 
2 

4.8 

1 

2.4 
3 

7.1 
5 

11-9 



2 

4.8 
2 

4.8 



4 

9.5 
1 

2.4 



-0.381 
-0.833 
-1.667 
-0.667 
-1.214 



Knowledge 
Comprehension 
Synthesis 
Evaluation 



Valuing 



20 
11.4 
20 

11.4 
26 

16.0 
18 

10.3 
16 



2? 
15.4 
28 

16.0 
35 

20.0 
28 

16.0 
35 

70.0 



19 
10.9 
23 
13.1 
40 
i5.9 
» j 
14.3 
77 

11. « 



21 
12.6 
22 

12.6 
21 

12.0 
20 
11.4 
27 
IS. 4 



fffcmttrr of (x'twrn wi.o pl.t red >)-«tM<-wnt In s par- 
"frri'cnt , ad)u-«tt'd to exvluJu r.iSMini*. ej*ca 
•UUVrUKJiC and foiVAI'Hv: ewnMncd 



envelope 



2.469 
2.376 
1.996 
2.563 
2.258 



23 


IB 


19 


14 


13 


-0.406 


2.468 


13.1 


10.3 


10.9 


6.0 


7.4 




19 


21 


26 


7 


9 


-0.383 


2.347 


10.9 


12.0 


14.9 


4.0 


5.1 






20 


15 


8 


4 


4 


-1.460 


2.017 


11.4 


8.6 


4.6 


2.3 


2.3 




23 


29 


13 


13 


6 


-0.617 


2.258 


13.1 


16.6 


7.4 


7.4 


3.4 






15 


16 


13 


17 


7 


-0.783 


2.353 


ft. A 


9.1 


7.1 


9.7 


4.0 
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Q-statements Q12 (knowledge) , Q32 (comprehension) , and 
Q6 (valuing) the groups disagreed. The UNVPURSC group saw 
more importance in these three (3) than did the UNVAPPSC 
group. Only the UNVPURSC group rated Q32 positively. Both 
the UNVNONSC and UNVPURSC groups gave a small positive rat- 
ing to Q12. The Q-statements of the Values and Ethics 
dimension were valued as being less important by the re- 
spondents (OVERALL) as compared to other dimensions. Q24 
was the least valued with all other Q-statements valued 
slightly more. 

Table 34 has only Q20 (analysis) for which all groups 
believed the same way. All groups played down its impor- 
tance with respect to the other Q-statements. The PUBSC 
group placed more importance in Q40 (synthesis) than did the 
other groups, especially the UNVPURSC group. Q38 (applica- 
tion) was valued relatively highly by the PUBSC and PUBNONSC 
groups. The UNVPURSC. group tended to agree, but the 
UNVAPPSC group disagreed. Q3 (comprehension) was believed 
to be less important than other Q-statements by all groups 
except the UNVAPPSC group. The UNVPURSC and UNVAPPSC groups 
did not place as much importance in Q37 (knowledge) as in 
some of the other Q-statements, but the other groups did 
especially the PUBSC group. No Q-statement was ranked 
strongly in either direction on the Process of Inquiry 
dimension. Two (2) behaviors were valued slightly, knowl- 
edge and application. The other cognitive behaviors 
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Table 34 

Dc.criptlv. Statistic, (or ^ponaea to Q-.t.te.c«t. p£ lh . Procca. pf ,„< wl ry M -*mIo B 



Q-atatrraont 



Responses 



lVAll d 
37 b 

1VA214 
3 

1VA31 
38 

1VA41 
90 

1VAS1 
40 



IVAil 
37 

IVA214 
3 

1VA31 
38 

1VA41 
20 

1VA51 
40 

UNVSC 8 



1VA11 
37 

1VA214 
3 

1VA31 
38 

1VA41 
20 

1VA51 

40 



1VA11 
37 

1VA214 
3 

1VA31 
3B 

1VA41 
20 

ZVAS1 

40 

fVtSC 
1VA11 
37 

1VA214 
3 

1VA31 
38 

1VA41 
20 

XVA51 

40 

HJMOKSC 



1VA11 
37 

1VA214 
3 

1VA31 
38 

1VA41 
20 

1VA51 
40 



oywu. 



IVAil 
37 

1VA214 
3 

1VA31 
38 

1VA41 
20 

IVAS1 
40 

r 



-l 



41 



42 



.Valid r.v:>^ ?| (91. 3") Missis CmcTTT 



Knowledge 
Coaprebensloo 
Application 
Analysis 
Synthesis 



2« 
1.S« 
1 

4.8 

2 

9.5 



3 

23.8 



1 
4.8 
3 

14.3 
3 

23.8 
2 

9.5 
4 

19.0 



Knowledge 

Comprehension 

Application 

Analyala 

Synthesis 



3 



5 

23.8 
1 

4.8 

2 

9.5 
7 

33.3 
4 

19.0 



(8 . ?T) 



Valid Cases: 40 



Knowledge 

Comprehension 

Application 

Analyala 

Synthesis 



15.8 
2 

10.5 
3 

15.8 
2 

10.5 
4 

21.1 

(8B.9S) 



Mlatlnc Cj»i 
1 



5.3 
3 

15.8 
4 

21.1 
3 _ 

15.8 
1 

5.3 



2 

10.5 
1 

5.3 
2 

10.5 



3 

13.8 



5 

23.8 



2 

9.5 
2 

9.5 
2 

9.5 

1 03.6;) 



1 

4.8 

2 

9.5 



2 

9.5 
3 

"•3 



1 

4.8 

5 

23.8 



2 

9.5 
2 

9.5 



1 

4.8 
6 

28.6 
2 

9.5 
2 

9.5 



4 

19.0 
1 

4.8 
4 

19.0 
1 

4.8 



1 

4.8 
2 

9.5 
4 

19.0 
3 

14.3 
1 

4.8 



-0.333 
0.619 
0.143 
-0.048 
-1.714 



2 

10.5 
2 

10.5 
1 

5.3 
3 

26.3 
4 

21.1 



3 

15.8 
4 

21.1 
1 

5.3 
2 



4 

21.1 
1 

5.3 
2 

10.5 
4 



Valid Cups! 41 



Knowledge 
Conprahtnaloa 
Application 
Analyala 
Synthtala 



5 

12.5 
3 

7.5 
5 

12.5 
2 

5.0 
9 

22.5 

(89. 12) 



Hissing Cues: 5 (11.1^) 



-1073—^.1 
5.3 



2 
5.0 
6 

15.0 
9 

22.5 
5 

12.5 
5 

_12.5 



7 

17.5 
2 

5.0 
4 

10.0 
7 

17.5 
7 

17.5 



7 

17.5 
2 

5.0 
3 

7.5 
7 

17.5 
6 

15.0 



2 
4.9 
5 

12.2 
1 

2.4 
4 

9.8 
5 

12.; 



Missing C atcs; S (lO-STf) 



4 

10.0 
' 6 
15.0 
1 

2.5 
4 

10.0 
4 

10.0 



5 

12.5 
6 

15.0 
2 

5.0 
6 
15.0 
2 

5.0 



3 

7.5 
4 

20.0 
4 

10.0 
2 

5.0 
2 

5.0 



5 

12.5 
4 

10.0 
5 

12.5 
3 

7.5 
a 

_ 7.5 



2 

5.0 
3 

7.5 
7 

17.5 
4 

10.0 
2 

5.0 



2 
4.9 
3 

7.3 
5 

12.2 
4 

9.8 
6 

14.6 



1 

2.4 
5 

12.2 

5 
12.2 

7 

17.1 
4 

9.8 



Valid Css es: 52 flOO:) Hissing Cases; 0 
Knowledge 2 2 3 



S 

12.2 
5 

12.2 
7 

17.1 
3 

7.3 
6 

U.6 



Co«prahenalon 
Application 
Analyala 
Synthesis 



3.8 
3 

5.8 
1 

2.9 
5 

9.6 
3 

5.8 



3.8 
6 

11.5 
4 

7.7 
7 

13.5 
7 

13.5 



5.8 
8 
15.4 
5 

9.6 
5 

9.6 
5 

9.6 



2 

3.8 
10 

19.2 
3 

5.8 
13 

25.0 
6 



6 

14.6 
8 

19.5 
8 

19.5 
11 

26.8 
5 

17.2 



7 

17.1 

6 
14.6 

2 

4.9 

5 

12.2 
4 

9.8 



6 

14.6 
4 

9.6 
1 

2.4 
5 

12-.2 
5 

12.2 



9 

22.0 
4 

9.8 
8 

19.5 
2 

4.9 
2 

4.9 



3 

7.3 
1 

2.4 
4 

9.8 



4 

9.8 



0.902 
-0.341 

0.195 
-0.585 
-0.390 



Valid Ca ses; 42 t'1002) Mtawina c^e.s n rn.ft >> 
Knowledge 

Comprehension 

Application 

Analyala 

Syotheala 



12 

23.1 
9 

17.3 
2 

3.9 
5 

l.fc 
5 

9.6 



7 

13.5 
4 

7.7 
6 

U.S 
7 

11 

21. 2 



7 

13.5 
2 

3.8 

10 

19.? 
7 

13. 5 



9 

17.3 
5 

9.6 
10 
19.2 

2 

3.8 
4 

7.7 



8 

15.4 
5 

9.6 
11 

21.2 
1 

1.9 
6 

H.5 



SO 



2.456 
2.334 
3.119 
2.397 
2.125 



2 

10.5 


1 

5.3 


1 

5.3 


-0.316 


2.352 


2 

10.5 


3 

15.8 


1 

5.3 


-0.158 


2.544 


2 

10.5 


1 

5.3 


3 

15.8 


-0.421 


2.950 




2 

10.5 


1 

5.3 


-0.421 


2.341 


2 

10.5 


3 

15.8 


1 

5.3 


-0.632 


2.712 



-0.325 


2.390 


0.250 


2.436 


-0.125 


3.014 


-0.225 


2.348 


-1.200 


2.452 



2.154 
2.243 
2.390 
2.000 
2.529 



1.115 


2.184 


-0.250 


2.334 


1.365 


2.385 


-0.635 


2.096 


0.154 


2.420 



2 

4.8 
3 

7.1 
4 

9.5 
4 

9.5 



3 

7.1 
6 

14.3 
1 

2.4 
11 

26.2 
5 

n.9 



8 

19.0 
8 

19.0 
3 

7.1 
4 

9.5 
8 

19.0 



Knowledge 
Comprehension 
Application 
Analyala 
Synthra^ 



9 
5.1 
13 
7.4 
10 
5.7 
15 
8.6 
21 

17.0 



4 

9.5 
6 

14.3 
3 

7.1 
4 

9.3 
5 

11.9 

lpti.i: 



4 

9,: 

3 

7.; 

6 

u.: 

7 

16.; 

3 



7 

16.7 


8 

19.0 


6 

14.3 


2 

4.8 


0.476 


2.086 


8 

19.0 


4 

9.5 


1 

2.4 


4 

9.5 


-0.310 


2.300 


8 

19.0 


4 

9.5 


6 

14.3 


8 

1«.0 


1.000 


2.399 


4 

9.5 


6 

14.3 


1 

2.4 


i 

2.4 


-0.905 


2.218 


2 

4.8 


6 

14.3 


6 

14.3 


3 

7.1 


-0.190 


2.578 



JMM. eliamt liK-ut 1 1 Icjtlun 



9 


19 


18 


26 


5.1 


10.9 


10.3 


14.9 


21 


23 


23 


26 


12.0 


13.1 


13.1 


14.9 


19 


17* 


16 


17 


10.9 


9.7 


9.1 


9.7 


27 


2) 


27 


27 


15.4 


13.1 


15.4 


15.4 


23 


24 


23 


17 


n.i 


11.7 


11. 1 


9.7 



26 

14.9 
24 

13.7 
16 

10.3 
22 

12.6 
19 

10.9 



24 


29 


IS 


0.583 


2.252 


13.7 


16.6 


8.6 




18 


14 


13 


-0.171 


2.320* 


10.3 


6.0 


7.4 






19 


29 


30 


0.663 


2.597 


10.9 


X4.6 


17.1 






20 


8 


6 


-0.594 


2.158 


11.4 


4.6 


3.4 






1H 


15 


15 


-0.366 


2.520 


n. • 


ft. 4 


ft.4 







"Q-at.jtict.nt 
','tu-Jivr of 
JVrcrnt, njj* 



mon* ul.o pl.ueil rj-ttatrncnt In a aattlcular 
»nt»«d to ffv|i|i|i< rtlua'nK, cine* V 
IMVAITI.C lurJilned 



envelope 
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involving comprehension, analysis, and synthesis were not 
valued too highly. 

Table 35 indicates that the respondents (OVERALL) did 
not place as much value in the Q-statements on this dimen- 
sion as in some of the other dimensions. Ql (valuing) and 
Q35 (behaving) were valued the least by all of the groups. 
The UNVPURSC group believed that Q30 (analysis) had some im- 
portance, but none of the other groups rated it very highly. 
• Q33 (advocating) was valued quite strongly by the UNVAPPSC 
group and somewhat by the UNVPURSC group but not by the' 
UNVNONSC, PUBSC, or the- PUBNONSC groups. The importance of 
the Q-statements pertaining to the Human Endeavor dimension 
was played down by the respondents (OVERALL). The valuing, 
behaving, and analysis behaviors were the least valued on 
this dimension. 

Table 36 shows that all groups had stronger feelings 
about Q26 (evaluation) than some of the other Q-statements. 
They placed it. as being least important of all other be- 
haviors on this dimension. All groups gave a similar rating 
to Q31 (analysis) . All groups were in agreement on Q43 (com- 
prehension) , but in this case they gave it a more positive 
rating than Q2 6 or Q31. The UNVPURSC, UNVAPPSC, and 
PUBNONSC groups gave Q34 a fairly high positive rating. 
The UNVPURSC and UNVNONSC groups agreed that there was more 
value in Q22 (knowledge ) than did the other groups. Ql 8 (ap- 
plication) was not valued as much by the UNVPURSC and 
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Tnble 35 

Descriptive StttUtic for Re.pon.ca to "$<i*U** nt9 of the lluaan EnJoaver Oi^n.ion 



Q-atatcocnt 



Responses 




^Q-ststcx'Tt nurier 
*tfu«6er of person* vlio placed .}-<t.ite-icnt In ■ particular envelope 
"Percent. eHJ-wtcd to exclude Meslnc cases 
'UMfPURSC and USVAPPSC combined 
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Table 36 

Descriptive Statistic* for R.-tpuMe, lo Q-atatwats of ttie interaction 
of Science *nd Techno logy Dlmciuilon 



158 



Q-it*tc«ot 



Responses 



He An SO 



4 

19.0 
2 

5.5 



1 

4.8 

2 



2 

9.5 
2 

9.5, 
i 

9.5 
1 

i.6 




3 


9 


1.714 


2.613 


14.3 


42.9 






8 


1 


1.333 


1.906 


38.1 


(.8 






3 


2 


-0. 190 


2.713 


14.3 


9.5 






4 


1 


-0.143 


2.555 


19.0 


4.8 










-1.857 


1.769 



3 


1 


2 


2 


-0.053 


2.415 


15.8 


5.3 


10.5 


10.5 






2 


5 


1 


4 


1.158 


2.267 


10.5 


26.3 


5.3 


21.1 






2 


1 


2 


3 


0.368 


2.477 


10.5 


5.3 


10.5 


15.8 




2 


3 


2 




-0.158 


1.979 


10.5 


15.8 


10.5 










3 


1 


2 


-0.474 


2.756 




15.8 


5.3 


10.5 







1 


5 


11 


0.675 


2.747 


2.5 


12.5 


27.5 






7 


9 


5 


1.250 


2.060 


17.5 


22.5 


12.5 






3 


5 


5 


0.075 


2.586 


7.5 


12.5 


12.5 






5 


6 


1 


-0.150 - 


2.271 


12.5 


15.0 


2.5 






4 

10.0 


1 

2.5 


2 

5,0 


-1*200 


2.366 



4 

9.8 
7 

17.1 
8 

79.5 
1 

2.4 
2 

4.9 



0.415 


2.449 


0.463 


2.776 


-0.122 


2.943 


-0.805 


2.193 


-1.0A9 


2.428 



1 


4 


-0.327 


2.299 


1.9 


7.7 






9 


8 


0.635 


2.650 


17.3 


15.4 






6 


13 


0.673 


2.861 


15.4 


25.0 










. -1.269 


1.921 


5 


4 


-0.615 


2.576 



2 


-0.22* 


2.540 


4.8 






3 


1.167 


2.241 


7.1 








0.310 


2.772 


16.7 








-0.786 


1.957 


1 


-1.381 


2.252 



2.4 



«*1H:;|. el.m-ut l 
l*Q-Mlj(rft"nr 
c Numl»rr t*f J't'fM 
*r»Tn r.t. .i.lju, 
c l::.VIT.::'.C l 



l-ut i t Iimi inn 
J..<r 

»n» wlio pf.i».*it ij-itJli-nrat j n 0 j, ftP t| C ul.ir rnvolnpC 

In I >«>li i-l iilu^ L ined 
:.:>\\V:C nrAlm J 



21 

12.0 
23 

13.1 
3) 

16.9 
2 

1.1 
9 

S.I 



0.131 2.528 

0.84) 2.464 

0.2',3 2.792 

-0.7W 2.100 

-1.054 2.416 
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UNVNONSC groups as it was by the UNVAPPSC, PUBSC, and 
PUBNONSC groups. On the Interaction of Science and Tech- 
nology dimension the behaviors involving knowledge, compre- 
hension, and application were valued more highly by the re- 
spondents (OVERALL) than were, the behaviors involving analy- 
sis and evaluation. 

Of all Q-statements in the SLQ, Table 37 shows that 
Q4 (comprehension) was believed to be more important by all 
groups. Each of the groups also believed Qll (evaluation) 
was important but not nearly as strongly as for Q4 . The 
university groups, both science and nonscience, rated down 
rather strongly the importance of Q17 (behaving) , and the 
public groups, science and nonscience, tended to agree. The 
respondents (OVERALL) rated highly the comprehension be- 
havior on the Interaction of Science and Society dimension. 
They also gave a positive rating to the evaluation behavior. 
They tended to play down the importance of the two affective 
Q-statements, Q17 (behaving) and Q5 (advocating) . 

Table 38 has only one (1) Q-statement with which all 
groups agreed. Q16 (valuing) was believed to have more im- 
portance by all of the groups than the other Q-statements 
on this dimension. The PUBNONSC group was quite strong in 
its preference for Q16. There was disagreement among groups 
on aU other Q-statements. The UNVPURSC and UNVAPPSC groups 
att^hed less importance to Q9 (application) than did the 
other groups. The PUBNONSC group valued Q14 (behaving) to 
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Tablo 37 



Descriptive Statistics for Ke*poiMfn to Q-statcmcnt* o( the Interact loo 
of Science snJ Society Ulrcnalun 



Q-atateoent 



V1IA21* 
4 b 

V1XA61 
11 

VIIB21 
17 

VIIB31 

5 



Bvhavlor 



Itcapoasea 



SD 



»JNVArPSC 



wysc^ 



VI1A21 
4 

. m«£i 
u 

V11B21 
17 

V1IB31 
5 

VNVKON'SC 



VI IA21 

i 

V1IA61 
11 

VIIB21 
17 

VXIB31 
1 



PUBSC 



VIIA21 
4 

VZ1A61 
11 

VIIB21 
17 

V1XB31 

5 



FUBNQNSC 

V1IA21 

4 

VI1A61 
11 

VZIB21 
17 

VIXB31 



OVERAl.Lt 



V1IA21 
4 

VI1A62 
11 

VIIB21 
17 

VIIB31 
5 



-1 



Vail J Caa os! 21 1)1. V.) Mlsslnp , C.n**_z 
Comprehension 

Evaluation 

Behsving 

Advocating 



V.il|d C.nes! 19 (il.^Z) 









3 C 








14.3 d 


1 


1 


1 


3 


4.8 


4.8 


4.8 


14.3 


2 


5 


4 




9.5 


23.8 


19.0 




1 


y 




2 


4.8 


'4.3 




9.5 



VIIA21 Comprehension 

VIXA61 Evaluation 2 

« 10.5 

V11B21 Behaving 5 

17 26.3 

VI1B31 ■ Advocating 2 

* 10.5 



l .Ctlnr. Casey: 
1 

5.3 
2 2 

10.5 10.5 
4 2 

21.1 10.5 
2 

10.5 



3 (13.6*) 



2 

9.5 
2 

9.5 
4 

19.0 
2 

9.5 



1 

4.8 
4 

19.0 
2 

9.5 
3 
14.3 



3 

14.3 
2 

9.5 
4 

19.0 
4 

19.0 



2 

9.5 
6 

28.6 



3 

14.3 



10 


2.111 


1.936 


47.6 






1 


0.857 


2.220 


4.8 








-1.000 


2.121 


3 


0.810 


2.502 



_14.3 



1 

5.3 
5 

26.3 



Valid Case s: 40 (SS.9S) Missing Cases; 5 (11. U) 



1 

5.3 
3 

15.8 
4 

21.1 
1 

5.3 



1 

5.3 
3 

15.8 



3 

15.8 



4 

21.1 



1 

5.3 
3 

15.8 



2 

10.5 
4 

21.1 
2 

10.5 
2 

10.5 



10 

52.6 
3 

15.8 



1 

5.3 



2.789 1.606 

0.474 2.796 

-1.526 2.389 

0.000 2.404 



Comprehension 

Evaluation 3 3 

7.5 7.5 

Behaving 7 9 

17.5 22.5 

Advocating 3 5 

__ 7.5 12. 5 

Valid Cases: M (g9.lt) 



1 

2.5 
3 

7.5 
6 

15.0 



3 

7.5 
3 

7.5 
1 

2.5 
7 

17.5 



Comprehension 
Evaluation 
Behaving 
Advocating 



Mining Cases: 5 (10.91) 



3 

7.5 
5 

12.5 
8 

20.0 
3 

7.5 



2 

5.0 
7 

17.5 
2 

5.0 
6 

15.0 



7 

17.5 
2 

5.0 
5 

12.5 
7 

17. 5 



4 

10.0 
10 

25.0 
2 

5.0 
4 

12.5 



20 

50.0 
4 

10.0 



4 

10.0 



2.575 1.810 

0.675 2.485 

-x.250 2.239 

0.425 2.459 



2 

4.9 
9 

22.0 
4 

9.8 



1 






4 


2.4 






9.8 


3 


2 


6 


4 


7.3 


4.9 


14.6 


9.8 


10 


1 


4 


5 


24.4 


2.4 


9.8 


12.7 


3 


5 


2 


6 


7.3 


12.2 


4.9 


14.6 



Valid Cv^s: \ 2 (100 *) russlnn Cim: 0 (O.Ot) 



3 

7.3 
3 

7.3 
5 

12.2 
5 

_12.? 



6 

14.6 
4 

9.8 
2 

4.9 
6 

14.6 



6 

14.6 
7 

17.1 
2 

4.9 
5 

12.2 



21 

51.2 
10 
24.4 
3 

7.3 
5 

12.2 



2.V80 1.651 

1.098 2.577 

-1.098 2.606 

0,366 2.557 



Comprehension 
Evaluation 
Behaving 
Advocating 



2 
3.8 
6 

11.5 
5 

9.6 
13 

25.0 



2 
3.8 
4 

7.7 
5 

9.6 
3 

5.8 



10 

19.2 
5 

9.6 



3 

5.8 
7 

13.5 
6 

11.5 
13 

25. 0_ 



Valid Cases: 4? (lOot) Missing C.nct: 0 (0.0*) 

Comprehension 1 - 4 

2.4 - 9.5 

Evaluation 3 2 5 5 

7.1 4.8 11.9 H.9 

Behaving 5 6 5 6 

11.9 14.3 11.9 14.3 
Advocating 6 7 4 6 
. _U 3 16.7 9.5 U.3 



2 

3.8 
6 

11.5 
8 

15.': 

6 

11.5 



5 

9.6 
5 

9.6 
4 

7.7 
4 

7.7 



3 

5.8 
6 

H.5 
6 

15.4 
5 

9.6 



14 - 
26.9 
9 

17.3 
4 

7.7 
2 

3.8 



21 

40.4 
9 

17.3 
a 

3.8 
1 

1.9 



2.308 2.23d 

0.712 2.681 

-0.404 2.286 

-1.154 2.244 



Valid Curs: 175 (?4.blJ "luintr Ci-.ch; 10 (5.4S) 



2 

4.8 
8 

19.0 
6 

14.3 
4 

9.S 



3 

7.1 
2 

4.8 
4 

9.5 
2 

4.8 



4 

9.5 
3 

7.1 
3 

7.1 
8 

19.0 



10 

23.8 
5 

11.9 
3 

7.1 
3 

7.1 



18 
42.9 
9 

21.4 
4 

9.5 
2 

4.8 



2.524 1.864 

0.619 2.603 

-0.452 2.510 

-0.571 2.520 



Coff.prchctj Ion 
Evaluation 
Behaving 
Advocating 



2 

1.1 
14 

8.0 
26 

14.9 
26 

14.9 



4 
2.3 
12 
6.9 
30 

17.1 
18 

10.3 



1 
0.6 
10 

22 

12.6 
14 



*I«SL cli r.cnt 1 h nt I f lc.it ion 
e Q-stAtccwnt number 

Number of persons who placed Q-statc^mt In a parti , jlar 
Percent. adJtuirt-J to cxclu-lc suiting cases 
C UNV>URSC and UUVAI'PSC combined 



10 

5.7 
21 

12.0 
17 
9.7 
28 

ICO 



11 
6.3 
23 

13.1 
27 

15.4 
19 

10.9 



13 


20 


34 


60 


2.531 


1.917 


7.4 


11.4 


19.4 


45.7 




17 


15 


31 


32 


0.771 


2.578 


9.7 


8.6 


17.7 


18.3 




15 


18 


11 


9 


-0.771 


2.417 


8.6 


10.3 


6.3 


5.1 






17 


26 


15 


12 


-0.297 


2.508 


9.7 


U.9 


8.6 


6.9 
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Table 36 

Dv-acrlptlve Statistic* for Response* to Q-aiotctm-nta of the Interaction 
of ScleucC, Techno li^y, and Society Dimension 



Q-atatcumt 



Responses 



IWVP i' RSC 
V11U31* 
9 b 

V11IB11 
26 

V111B21 
14 

VIX1B31 

36 



umv appsc 

V111A31 

9 

VI11B11 
16 

V111B21 
14 

V111B31 
36 



uTfVSC c 
V111A31 
9 

V1UB11 

16 

nniii 

14 

V1IIB31 
36 



UKVKOSSC 



VI11A31 
9 

V111B11 
16 

VI11B21 
14 

V1IIB31 

36 



yussc 



VlllAji 
9 

V1IIB11 
16 

VIIIB21 
14 

VIXX631 

36 

fUBNO.S'SC 

V111A31 

9 

V1X1B11 

».». 

V1X1B21 
14 

V1I1B31 

36 

OVERALL 
V11IA31 
9 

vniBii 

16 

V1I1B21 
14 

VI II B 31 
36 



^•lljd C.v.i y s ; 21 (91.3^) H I < , 1 nr. C.v-u ■* ; 2 [B.7Z) 
14.3 d 



Appllcat Ion 
Valuing 
Behaving 
Advocating 



6 

. 28.6 



-Valid C.iStfn; I i (66.".) 
... ^ 

21.1 



1 

4.8 

3 

14.3 
3 

14.3 
5 

23.8 



7 

33.3 



1 

4.6 
1 

4.8 



Application 
Valuing 
Behaving 
Advocating 



Mi** inn Crtscs: 
5 



4 

19.0 
3 

14.3 
2 

9.5 
5 

23.8 



. 3 (13.65) . 



3 

14.3 
3 

14.2 
2 

9.5 
1 

4.8 





1 


1 


1 


-:.143 


2.128 




4.8 


4.8 


4.8 






2 


5 


2 


3 


0.657 


2.265 


9.3 


23. B 


9.5 


14.3 






2 


1 


3 


7 


1.333 


2.652 


9.5 


4.6 


14.3 


33.3 








1 


1 


1 


-1.762 


2.385 




4.8 


4.6 


4.8 







1 

5.3 
2 

10.5 
2 

30. 5 



26.3 
2 

10.5 
2 

10.5 
2 

10.5 



3 

35.8 
1 

5.3 
2 

10. 5 



4 

:i.i 
i 

5.3 



3 

15.8 



V alid Cases; 40 (63.91:) HUslnit Cases: 5 (Il.lt) 



2 

10.5 
2 

10.5 
3 

15.6 
2 

10.5 



1 

5.3 



4 

21.1 
1 

5.3 



3 

15.8 



6 

31.6 



2 


1 


-,.263 


2.557 


10.5 


5.3 






4 


3 


0.684 


2.730 




15.8 








6 


0.789 


2.898 


3 . 


6 










-0.211 


2.371 




i . 







Application 7 6 7 

17.5 15.0 17.5 

Valuing 15 3 

2.3 12.5 7.5 

Behaving 2 3 2 

5.0 12.5 5.0 

Advocating 6 7 3 

_ ? fl.O 17. 3 7.3 



20.0 
4 

10 .0 
2 

5.0 
8 

20.0 



Valid Cas es; 61 W.ll) MK^infi . Cas? s: 5 (10. 91 ) 



5 

12.5 

3 
12.5 

5 

12.5 
3 

7.5 



2.5 
2 

5.0 
6 

15.0 
1 

2.5 



1 

2.5 
8 

20.0 
1 

2.5 
7 

17.3 



3 

7.5 
6 

15.0 
4 

10.0 
1 

2.5 



2 
6 

11. ft 
13 

32.5 



Application 
Valuing 
Behaving 
Advocating 



3 

7.3 
7 

17.1 
5 

!2.2 



12.2 
3 

7.3 
3 

7.i 
5 

12.2 



14.6 
7 

17.1 
4 

9^8 
4 

.8 



6 

14.6 
2 

4.9 

5 

12.2 
7 

17.1 



_Valtd Cues: 32 (IQbU) Mfssirv Caacs: 0 (p. 05) 



2 

4.9 

10 

24.4 
1 

2.4 
4 

9.8 



5 

12.2 
6 

14.6 
2 

4.9 
4 

9.8 



7 

17.1 



4 

9.B 
3 

7.3 



4 

9.8 

5 

12.2 
6 

14.6 
3 

7.3__ 



6 

14.6 
5 

12.2 
9 

22-.0 
6 

_I4.6 



-•.200 2.312 

.//5 2.465 

l.C.< 2.749 

-1-0.-.J 2.475 

' *n3i ' 2.388 

J.0S9 ;.427 

0.341 3.040 

-0.J.71 *.673 



Application 
Valuing 
Behaving 
Advocating 



2 
3.8 
2 

3.8 
11 

21.2 
8 

15.4 



7 

13.5 
5 

9.6 

3 

5.8 
9 

17.3 



5 

9.6 
4 

7.7 
5 

9.6 
9 

17.3 



2 

3.8 
4 

7.7 
4 

7.7 
10 

19.2 



Valid C*sc t; 42 (100*) Kiting Cases; 0 (O.p;) 



2 

3.8 
6 

15.4 
4 

7.7 
6 



7 

13.5 
5 • 
9.6 
5 

9.6 
4 

7.7 



9 

17.3 

S 

Ii.5 
3 

5.8 
2 

3.8 



12 

23.1 
7 

13.5 
6 

15.4 
2 

3.6 



6 

11.5 
11 

21.2 
9 

17.3 
2 

3.8 



0.846 2.531 

0.134 2.515 

0.077 3.002 

-1.250 2.150 



Application 
Valuing 
Behaving 
Advocating 



3 
7.1 
2 

4.8 
12 

2B.6 
1 

7.4 



1 
2.4 

5 

11.9 
1 

2.4 
6 

14.3 



5 
11.9 
1 

2.4 
2 

4.) 



2 

4.8 
3 

7.1 
5 

11.9 
6 

14.3 



_V«lld Ca«cs; US ftt.hlf ^■"'rfl " \\ ',-]> 



19.0 
2 

4.8 

7 

16.7 
7 

16.7 



7 

16./ 
4 

9.5 
5 

11.9 
9 

21.4 



4 

9. r , 
4 

J. 5 
1 

2.4 
5 

11.9 



7 

16.7 
8 

1S.0 
4 

9.5 

> 

;■.) 



3 

11.9 
13 

32.0 
5 

r.9 

3 

11.9 



0.690 2.342 

1.429 2.697 

-O.50O 2.831 

0 476 2.222 



Application 
Valuing 
Behaving 
Advocating 



12 


19 


23 


6.9 


10.9 


13.1 


8 


IB 


15 


4.6 


10.3 


8.6 


32 


12 


13 


18.3 


6.9 


7.4 


22 


27 


16 


12. ft 


13.4 


9.1 



16 

io.: 
i? 



•1MSL tlcocnt Identification 
"Q~a tatcmcnt nusiicr 

jNuwber of pcrton, who placed 0-atatc«cnt Id a particular envnlrpa 

rerecnt, ■•IJuntcd to rxcludu missing cases 
•UNVPURSC and UNY>PPSC combined 



*).7 

14.3 
17 
9.7 

70 
. 1-4 



20 

11. A 
17 
9.7 
IB 

10.3 
IB 



21 

12.0 
16 

10.3 
9 

5.1 

! J 

;.7 



26 

S.9 

26 

14.9 

22 

12.6 
9 

3.1 



1? 

1.7.9 
35 

20.0 
36 

K0.6 
15 
8.6 



0U6i 2.517 

0.811 2.349 

0.229 2.943 

-0.531 2.454 
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a lesser extent than did the other groups. in fact the 
UNVPURSC group gave Q14 a fairly strong rating. Q36 (advo- 
cating) was given a low rating by the UNVPURSC group and the 
PUBSC group. The UNVAPPSC and UNVNONSC groups tended to 
agree, but the PUBNONSC group did not. The respondents 
(OVERALL) valued the behaviors of application, valuing, and 
behaving more than they did the advocation behavior on the 
Interaction of Science, Technology, and Society dimension. 

Considering all ten (10) tables together along with the 
preceeding comments about each one, the respondents (OVERALL) 
rated the knowledge, comprehension, and application behav- 
iors more highly than the other behaviors. They were sup- 
portive of nearly all of the Q-statements in the Factual and 
Generalizations components of the Organization of Knowledge 
dimension; the Intellectual Processes dimension; , -,d th*. In- 
teraction of Science, Technology, and Society dimension. 
They played down the importance of the Discipline component 
of the Organization of Knowledge dimension; the VaUis a;,d 
Ethics dimension; and the Human Endeavor dimension. They 
had mixed feelings on each of the other dimensions depending 
upon the particular behaviors involved. 

Looking at the individual groups, it is seen that all 
groups tended to place more value in the knowledge and com- 
prehension behaviors than the other behaviors. The 
UNVNONSC, PUBSC, and PUBNONSC groups tended to rate the 
application behavior more highly than did the UNVPURSC and 
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UNVAPPSC groups. All groups expressed negative beliefs to- 
ward the synthesis behavior, and most were negative toward 
the evaluation behavior. In the affective, domain valuing 
and behaving were rated negatively by the majority of the 
groups. in two instances the UNVAPPSC group rated the ad- 
vocating behavior in a strong positive manner. 

Correlational Analysis of 
INFORMATION SHEET and SLQ Data 

Intercorrelations and correlations. of the data were de- 
veloped. The data generated by the INFORMATION SHEET were 
intercorrelated; the data generated by the SLQ" were inter- 
correlated; and the INFORMATION SHEET and SLQ data were cor- 
related. The SPSS (Nie, et al. , 1975) subprogram PEARSON 
CORR was used to develop the correlation coefficients. 
Missing data (those coded as No Response) were handled by 
pairwise deletion. As a result the number of persons per 
each correlation varied from 147 to 176. 

To determine if a particular correlation coefficient 
was or was not significant, reference was made to a table 
which specifies the necessary correlation coefficient size 
in order that the coefficient be significant (Guilford and 
Fruchter, 1973, p. 516). This table was chosen because it 
accounts for both the number of persons upon which each co- 
efficient was based and the number of variables which were 
correlated. 
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The intercorrelations of the INFORMATION SHEET vari- 
ables produced few significant correlation coefficients 

(df = 150; number of variables = 25; for p < 0 05 r 

t — ' -xy 

0.450). Of the significant correlations none became thj 
basis for new insights (Table 39). 

Table 39 

Intercorrelations of INFORMATION 
SHEET Variables 





SCHLEVEL 


OWNSCHYR 


MOTSCHYR 


DIPDEG JHS8 


SHPHYS 


OWNSCHYR 


0. 6258 










FATSCHYR 






0. 6698 






DiPDECJ 


0. 6101 


0. 8810 








JHS7 








0. 6600 




SHCHEM 










0.4561 


CLBIOSCI 




0.5285 




0.5002 




CLPHYSCI 


0.4583 


0. 5388 




0.4837 





The intercorrelations of the Q-statements are presented 
in Appendix G. Of these only one (1) was significant, 
IA32(Q19) with IVA3KQ38) at £ xy = 0.4762. From the table 
the degrees of freedom value used was 150; the number of 
variables used was twenty-five (25); for £ < 0.05 the value 
of £ X y had to be °- 450 or greater. The actual degrees of 
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freedom value was 174 and the actual number of variables 
correlated was forty-five (45). Guilford and Fruchter's 
table does not go beyond twenty-five (25) variables, so til- 
more conservative degrees of freedom value was used to 
offset the more liberal value for twenty-five (25) var- 

iables. 

The correlation coefficients between the INFORMATION 
SHEET variables and the SLQ Q-statements were not signifi- 
cant. The same table values were used as was used in the 
preceeding paragraph. In this case the actual number of 
variables which were correlated was sixty-nine (69). 

The values of the STATUS variable (see page 12 2 of 
Chapter III) were transformed into separate variables as 
UNVPURSC, UNVAPPSC, UNVNONSC, PUBSC, and PUBNONSC. This was 
accomplished with the internal programming capabilities of 
the SPSS system. In addition the respondents were accounted 
for by the variables in a dichotomized manner. That is, 
zero (0) was coded for the person if he did not belong to 
a particular group, and one (1) was coded for a person if 
he did belong to a particular group. This caused: 

(1) UNVPURSC to have 2 3 cases; 

(2) UNVAPPSC to have 22 cases; 

(3) UNVNONSC to have 46 cases; 

(4) PUBSC to have 52 cases; and 

(5) PUBNONSC to have 42 cases. 
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These five (5) variables were correlated with the 
forty-five (45) Q-statements to determine what relationships 
might exist. Table 40' presents the results of this analysis 



Table 4 0 

Correlation Coefficients between Groups 
and Selected Q-statements a 



Q-state- 
ments 



UNVPURSC UNVAPPSC UNVNONSC PUBSC PUBNONSC 



IA11" 

IA52 

IB12 

1A53 

IIIA11 

IIIA21 

IIIB11 

VA41 

VB31 

VIA111 

VIIB31 

VIIIA31 

VIIIB31 



28 
27 
13 
25 
12 
32 
6 
30 
33 
22 
5 
9 
36 



-0. 0351 
-0.2393 
0. 0350 
-0.2104 
0.1466 
0.2122 
0.2356 
-0.1910 
0. 0541 
0. 2319 
0.1634 
-0. 2077 
-0. 1857 



0.2141 

0. 0261 
-0. 0267 

0. 0057 
-0. 0619 

0. 0163 
-0.1106 

0. 0687 

0.2257 
-0. 0255 

0. 0415 
-0.2130 

0. 0458 



-0.1068 
0. 0240 
0.2766 

-0.0813 
0.2830 
0.0974 
0. 0063 
0.1523 

■0. 0228 
0.0621 
0.1466 
0.0591 
0. 0815 



0. 0218 
0.1215 
■0.1331 
.1873 
3297 
1960 
0016 
1267 
■0.1085 
■0.1182 
■0.2227 
0.1496 
■0.1910 



0, 
■0, 
■0, 
■0. 
■0. 



-0.0086 
0. 0092 
-0.1390 
0.0361 
0. 0057 
-0. 0601 
-0.1033 
-0.2109 
-0.0668 
-0.0930 
-0.0616 
0.0945 
0.2314 



Q-statements with correlation > (0.2! with any one of the 
five groups — J " e 

b TMSL element identification 
Q- statement,, number 

Correlation coefficients for the five (5) groups were pre- 
sented if a correlation coefficient on a Q-statement was 
I0.2I or greater for one (1) of the groups. 
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An examination of Table 40 reveals that the Intellec- 
tual Processes dimension and the Process of Inquiry dimen- 
sion had no Q-statements which could be included. No groups 
resulted in ail positive or all negative correlation co- 
efficients. The UNVNONSC and PUBSC groups had coefficients 
greater than I0.2I on Q12; the UNVNONSC coefficient was 
positive, but the PUBSC coefficient was negative. The 
UNVPURSC and UNVAPPSC groups had negative coefficients 
greater than I0.2I on Q9. The UNVPURSC and UNVAPPSC groups 
had common signs on only three (3) Q-statements.. The 
UNVPURSC and PUBSC groups had common signs on only two (2) 
Q-statements, and the UNVAPPSC and PUBSC groups had common 
signs on seven (7) Q-statements. The UNVNONSC and PUBFONSC 
groups had common signs on five (5) Q-sta demerits . The mag- 
nitudes of the correlation coefficients for each of the 
groups with the Q-statements were not very similar. In most 
cases where the magnitudes were somewhat similar the signs 
were opposite. 

No pronounced relationships seemed to exist based upon 
this analysis. if anything differences between the groups 
were highlighted more than were any commonalities. 
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Factor^Analysis of the Placement 
*of the Q-statements 



This section deals with the results of the factor 
analysis of the placement of the Q-statements by the re- 
spondents. The factor analysis of the data was made using 
the SPSS (Nie, et al. , 1975) subprogram FACTOR. Orthogonal, 
principal component solutions were developed with the diag- 
onal elements of the correlation matrix replaced by R 2 es- 
timates of communality. An iterative process was used to 
2 

improve the R estimates of communality. 

Three factor analyses were performed. First, the data 
were factor analyzed with all the respondents grouped to- 
gether (OVERALL: 175 persons). Second, the data of the 
science oriented respondents (UNVPURSC, UNVAPPSC, and PUBSC : 
92 persons) were factor analyzed. Third, the data of the 
nonscience oriented respondents (UNVNONSC and PUBNONSC: 83 
persons) were factor analysed. 

The results of these factor analyses are presented in 
Appendix H. After examining the iterated factor matrix with 
forty-five (45) factors, a seven (7) factor solution was de- 
veloped for each group. The OVERALL seven (7) factor solu- 
tion accounted for 39.7% of the variance in the rankings of 
the forty-five (45) Q-statements. The science oriented 
seven (7) factor solution accounted for 4 3.8% of the vari- 
ance in the rankings of the forty-five (4 5) Q-statements 
The nonscience oriented seven (7) factor solution accounted 
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for 43.6% of the variance in the ranking of the forty-five 
(45) Q-statements. Factor scores for the OVERALL seven (7) 
factor solution were punched on cards for each person to be 
used in additional analyses. 

Tables 41-50 present the. results of the factor analy- 
ses. Factors I, in, iv, v, and VI were common to each of 
the three (3) groups. Factor II was common to the OVERALL 
group and the nonscience oriented group. Factor VII existed 
only for the OVERALL group. The science oriented group had 
two (2) factors unique to it, and the nonscience oriented 
group had one (1) factor unique to it. 

The arbitrary criterion for using any particular 
Q-statement to represent a factor was a factor loading of 
.40 or greater for at least one of the groups on the par- 
ticular factor. The criteria used to specify that a Q- 
statement in a particular factor loaded significantly for 
all groups were: 

(1) the minimum factor loading for any one group 
could not be less than .30; 

(2) the factor loadings for at least two groups had 
to be .35 or greater; and 

(3) the signs of the factor loadings were the same for 
all groups. 

The essence of this section is to: 

(1) name the inferred dimension; 
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(2) describe the inferred dimension of scientific 
literacy; and 

(3) discuss the highlights of each factor. 

The factors which were common to more than one group are 
discussed first. This is followed by a discussion of the 
•factors which were unique to a particular group. 

The Problem Statement for this study was stated in 
terms of science and nonscience orientation groups. It was 
for this reason that the factor analyses were performed with 
respect to the science oriented group and the nonscience 
oriented group. Although this study was developed on the 
basis of science oriented and nonscience oriented groups, 
other personal characteristics (sex, age, education, etc.) 
may have been as much or more of an influence on the de- 
velopment of the factors. The regression analysis produced 
some insights into these effects. 

Factor I 

The Q-statements specified in Table 41 as common to all 
groups are: 

MOST HIGH SCHOOL GRADUATES SHOULD... 

IVA51(Q40) be able to combine some major ideas and 

methods of science to gain new ideas. 

IVA11(Q37) know something about using major ideas 

and methods of science together to gain 
new ideas. 
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be able to combine some new findings in 
some fields of science to think of pos- 
sible offshoots. 

be able to combine facts to better under- 
stand matter, energy, and life. 



Table 41 

Factor Loadings of Q-statements 
Chosen to Represent Factor I 



Element 
Identifi- 
cation 



Q-state- 

ment 

Number 



OVERALL ( 1 ) a SCIENCE (2) NONSCIENCE (4 ) 



IVA51"- 

IVA11 C 

IA53° 

IA51 C 

VB21 

VIIB31 

VIIB21 

% of variance 



40 


.71 b 


. 65 


.70 


37 


.60 


.54 


.66 


25 


.56 


.43 


.39 


39 


.40 


.49 


.32 


35 


-.26 


-.10 


-.56 


5 


-.26 


-.55 


-. 06 


17 


-.15 


. 05 


-.43 




9.1 


7.5 


6.2 



Identifies the factor number for respective factor solu- 
tions in Appendix H 

^Factor Loadings rounded to nearest hundreth 
C Considered common to the groups 

The inferred dimension of scientific literacy was named 
"Scientific Inquiry." The theme of this factor seemed to be 
that of producing new knowledge through a synthesizing type 
of activity. The two (2) strong loading Q-statements came 
from the TMSL Process of Inquiry dimension. The two (2) 
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lesser loading common Q- statements represented two (2) syn- 
thesizing behaviors from the TMS.L Organization of Knowledge 
dimension. The regression analysis showed that the UNVPURSC 
group was a negative predictor of this factor. Thus it was 
inferred that most of the respondents in the UNVPURSC did 
not believe that scientific inquiry was important for all 
persons. 

The factor loadings on the common Q-statements were 
•fairly large and in close agreement. This suggested that 
the respective factors for each of the groups were actually 
the same factor. The percents of variance suggested that 
the factor was about the same in the science oriented group 
as in the nonscience oriented group: This factor existed 
for the science oriented group, for the nonscience oriented 
group, and for the groups combined. The factor structure 
was independent of the groups. 

Factor II 

The Q-statements specified in Table 42 as common to 
the two groups are: 

MOST HIGH SCHOOL GRADUATES SHOULD... 

VIIIB11(Q16) rate highly the need for society to keep 
up with science and technology. 

IIIA21(Q32) understand how several values guide 
scientists in their work. 

IIIA11(Q12) know about several values which guide 
scientists in their work. 
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IB33(Q34) support ways to help people understand 

new gains in some fields of science. 



Table 42 

Factor Loadings of Q-statements 
Chosen to Represent Factor II 



16 


.50 b 




.54 


12 


-.42 




-.57 


32 


-.47 




-.42 


34 


.39 




.54 


5 


.24 




.58 


29 


.44 




.17 


15 


.40 




.21 



Element Q-state- 
Identif i- ment 

cation Number OVERALL (2 ) a SCIENCE NONSCIENCE (5 ) 

VIIIB11 C 
IIIA11 C 
IIIA21 C 
IB33 C 
VIIB31 
IB231 
IIB31 

% of variance 6.8 5.1 

identifies the factor number for respective factor solu- 
tions in Appendix H 

b 

Factor Loadings rounded to nearest hundreth 

c 

Considered common to the groups 



This inferred dimension of scientific literacy was 
named "Maintaining Current Awareness." The theme of this 
factor seemed to be the valuing of people keeping in touch 
with and maintaining an understanding of new developments 
in science and technology. The positive loading Q-statements 
on this factor taken together dealt with science, tech- 
nology, and society staying abreast of one another. The 
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vo (2) negative loading Q-statements implied that the con- 
rn was not so much with values but with "concrete" as- 
pects, for example, gained knowledge in science and new in- 
ventions in technology. 

The results of the regression analysis indicated that 
characteristics of individuals were more related than were 
science or nonscience orientation to the development of this 
factor. The mothers' and respondents' last year of school 
completed were the major predictors of this factor. 

Factor in 

T!:3 Q-statements specified in Table 43 as common to 
all groups are: 

MOST HIGH SCHOOL GRADUATES SHOULD. . . 

IIIB1KQ6) rate highly for their own use some 

values which guide scientists in their 
work. 

VIA6KQ26) be able to judge the worth of some re- 

sults from science and from technology 
with different guidelines. 

The inferred dimension of scientific literacy was 
named "Valuing Methods of Science." The theme of this fac- 
tor seemed to be a personal valuing of methods which sci- 
entists use in their work. Four (4) of the positive load- 
ing Q-statements in this factor were from the TMSL Intellec- 
tual Processes dimension. The strongest loading positive 
Q-statement described the values which underlie intellectual 
processes of science. 
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Table 43 



Factor Loadings of Q-statements 
Chosen to Represent Factor III 



Element 
Identifi- 
cation 



Q- state- 
ment 



Number OVERALL (3) a SCIENCE (5) NONSCIENCE (3) 



IIIB11 C 



6 

2 
26 

8 
15 

7 



.53 
.49 
-.42 
.41 
.26 
.19 



.67 
.28 
-.31 
.53 
.04 
.40 



.45 
.53 
-.47 
.26 
.57 
.21 



IIB11 

VIA61 C 

IIB21 

IIB31 

IIA41 



% of variance 



5.6 



5.4 



6.7 



a 



Identifies the factor number for respective factor solu- 
tions in Appendix H 

b 

Factor Loadings rounded to nearest hundreth 
°Considered common to the groups 

The percents of variance were similar on this factor. 
This along with the factor loadings for the Q-statements 
suggested strongly that respective factors of each group 
were the same factor. The results of the regression analy- 
sis indicated that th3 UNVPURSC group was a major predictor 
of this factor. 

Factor IV 

The Q-statements specified in Table 44 as common to 
all groups are: 
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MOST HIGH SCHOOL GRADUATES SHOULD... 

IVA3KQ38) be able to use major ideas and methods 

of science together in their daily 
lives. 

IA32(Q19) be able to use some major ideas about 

matter, energy, and life in their 
daily lives. 

VIIIA31(Q9) be able to use some new results from 

science and technology to think of pos- 
sible changes in their lives. 



Table 44 

Factor Loadings oC Q-statements 
Chosen to Represent Factor IV 



ERLC 



Element 
Identifi- 
cation 



,Q-state- 

ment 

Number 



OVERALL (4) SCIENCE (1) NONSCIENCE (1) 



IVA31 0 

IA32 C 

IIA41 

VIIIA31 C 

VIA31 

VA41 

IIIA11 

IIIA21 

VB11 

VIA111 

IVA214 

% of variance 



38 


.60 b 


.45 


.44 


19 


.50 


.37 


.35 


7 


.44 


.29 


.62 


9 


.36 


.43 


.63 


18 


.37 


.68 


.23 


30 


-.29 


-.54 


-.33 


12 


-.22 


-.53 


-.35 


32 


-.24 


-.53 


-.13 


1 


-.48 


-.22 


-.30 


22 


-.20 


-.44 


-.11 


3 


-.19 


-.44 


-.04 




5.2 


10.4 


8.7 



Identifies the factor number for respective factor solu- 
tions in Appendix H 

factor Loadings rounded to nearest hundreth 
'Considered common to the groups 
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This inferred dimension of scientific literacy was 
named "Personal Application of Science." The theme of this 
factor seemed to be application of scientific knowledge and 
methods of science in daily living. Four (4) of the Q- 
statements involving the application behavior loaded posi- 
tively for all groups. Three (3) of these were considered 
common to the groups. 

The respective factor loadings for each group suggested 
strongly that the respective factors for each group were the 

c 

same factor. The percents of variance fpr..the two (2) ori- 
entation groups were large. These factors actually explained 
the most variance in each of the respective seven (7) factor 
solutions. The results of the regression analysis showed 
that age^of the respondents was a major predictor of this 
factor as opposed to science or nonscience orientation. 

Factor V 

The Q- statements specified in Table 45 as common to 
all groups are: 

MOST HIGH SCHOOL GRADUATES SHOULD... 

VIA4KQ31) be able to detect some of the differ- 

ences in the results of science and 
technology. 

VIA111(Q22) know something about how the goals of 

science and technology differ. 

VIA21(Q43) understand something of the effects 

science and technology have on, each 
other. 
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Factor Loadings of Q-statements 
Chosen to Represent Factor V 
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Element 
Identifi- 
cation 



Q- state- 
ment 
Number 



OVERALL (5) a SCIENCE (6) CONSCIENCE (2 ) 



VIA41 31 

VIA111 C 22 

VIA21 C 43 

IA13 41 

VB11 1 

IA53 25 

IA61 21 

IA223 44 

% of variance 



.53' 
.52 
.47 
.27 
-.17 
-.22 
.19 
.04 

4.7 



.33 
.41 
.59 
-.08 
-.43 
-.40 
.40 
.41 

4.4 



.55 
.51 
.56 
.46 
-.16 
-.19 
.11 
-.03 

7.8 



Identifies the factor number for respective factor solu- 
tions in Appendix H 



b. 



Factor Loadings rounded to nearest hundreth 
"Considered common to the groups 



The inferred dimension of scientific literacy was 
named "Distinguishing Between Science and Technology." The 
theme seemed to be that of distinguishing between science 
and technology in terms of goals and results. It also_.in- 
cluded understanding how science and' technology affect one 
another. All three (3) common loading Q-statements came 
from the TMSL Interaction of Science and Technology dimen- 
sion. 
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Some of the loadings on the Q-statements were small. 
The percent of variance for the nonscience oriented group 
is apparently greater than that for the science oriented 
group. Even though the respective factors for each group 
were thought to be the same factor, tLa strength of associa- 
tion between respective factors for this factor was not as 
strong as it was on Factors I, m, and IV. The regression 
analysis indicated that membership in the PUBSC group was 
a predictor of this factor more so than Membership in the 
other groups. 

Factor VI 

The Q- statement specified in Table 46 as common to all 
groups is: 

MOST HIGH SCHOOL GRADUATES ■ SHOULD .. . 

IA11(Q28) know several facts about matter, energy 

and life. 

The inferred dimension of scientific literacy was named 
"Utilizing Factual Knowledge." The theme of this factor 
seemed to be knowing and using for various purposes factual 
knowledge about nature. The common loading Q-statement 
dealt with knowing facts about nature. However, the next 
two (2) strong loading Q-statement s also dealt with using 
and synthesizing this factual knowledge. 

The factor loadings were such that the respective fac- 
tors of each group were thought to be the same factor. The 
strength of association was not believed to be as strong 
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Table 4 6 

Factor Loadings of Q-statements 
Chosen to Represent Factor VI 



Element 
Identifi- 
cation 



Q- state- 
ment 
Number 



OVERALL (6) a SCIENCE (3) NONSCIENCE ( 6 ) 



IAll^ 

IA31 

IA51 

IA13 

VIA31 

VIIA21 

IIIA21 



28 
45 
39 
41 
18 
4 
32 



.63* 
.48 
.41 
.40 
.23 
-.13 
-.14 



.51 
.66 
.26 
.55 
.21 
-.22 
.02 



' .46 
.27 
.48 
.01 
.44 
-.44 
-.41 



% of variance 



4.5 



6.2 



4.6 



identifies the factor number for respective factor solu- 
tions in Appendix H 

b 

•Factor Loadings rounded to nearest hundreth 
c 

Considered common to the groups 

for these factors as it was for Factors I, m, IV, and V. 
Factor VII 

The Q-statements specified in Table 47 as representin 
Factor VII are: 

MOST HIGH SCHOOL GRADUATES' SHOULD. . . 

VIIIB31(Q36) support changing what society rates 

highly as mankind increases control of 
the environment. 

VIIB3KQ5) support societal conditions which help 

science. 
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be able to judge the worth of some uses 
of matter, energy, and life using facts. 



Table 47 

Factor Loadings of Q-statements 
Chosen to Represent Factor VII 



Element 


Q-state- 






Identifi- 


ment 






cation 


Number 


OVERALL (7) a SCIENCE 


NONSCIENCE 


VIIIB31 


36 


.48 b 




VIIB31 


5 


.46 




IA61 


21 


-.43 




% of variance 


.3.9 





Identifies the factor number for the respective factor 
solution in Appendix H 



3 Factor Loadings rounded to nearest hundreth 



The inferred dimension of scientific literacy was named 
"Mutual Involvement of Science and Society." The theme of 
this factor seemed to be that of society examining its 
values as science provides mankind with more capabilities. 
Also, society should establish conditions within which sci- 
ence can thrive. The two (2) positive loading Q-statements 
of this factor involved the TMSL advocating behavior. This 
suggested action beyond the personal level, for instance 
political activity. 
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There were no factors for the science or nonscience 
oriented groups which were the same as this OVERALL factor. 
Since it was the seventh factor of the OVERALL factor solu- 
tion, it had the smallest percent of variance of all the 
factors. Because the two (2) . orientation groups did, not 

have this factor in their respective factor solutions, the' 

notion is reinforced that something different than the 
classification of science or nonscience orientation may be 
operating to cause the factor to be developed in the situa- 
tion where the two (2) groups were combined. The regression 
analysis indicated that the UNVNONSC group was a predictor 
of this factor with educational levels and particular sci- 
ence courses as the underlying variables. 

Factors Unique to a Particular Group 

The Q-statements presented in Table 4 8 represent a 
factor identified in only the science oriented group's fac- 
tor solution; they are: 

MOST HIGH SCHOOL GRADUATES SHOULD . . . 

VIIIB2KQ14) show that they believe science and tech- 
nology cannot cure all of mankind's 
problems . 

IB33(Q34) support ways to help people understand 

new gains in some fields of science. 

VB21(Q35) show that they accept scientists as 

people. 

The inferred dimension of scientific literacy was named 
"Science as a Human Endeavor." The theme of this factor 
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Table 48 



Factor Loadings of Q-statements 
Chosen to Represent a Separate 
Science Oriented Factor 



Q-state- 
ment 

Number OVERALL SCIENCE (7) a NONSCIENCE 



VIIIB21 14 
IB33 34 
VB21 35 

% of variance 4 m ]_ 



Identifies the factor number for the respective factor 
solution in Appendix H 

b Factor Loadings rounded to nearest hundreth 

seemed to be playing down the "omnipotency" of science, 
technology, and scientists. It was reasonable that a fac- 
tor of this type would be apropos to the science oriented 
group. 

The Q-statements presented in Table 49 represent a 
factor identified in only the nonscience oriented group's 
factor solution; they are: 

MOST HIGH SCHOOL GRADUATES SHOULD... 

IA62(Q23) be ablfe to judge the worth of some uses 

of matter, energy, and life using major 
ideas. 



Element 
Identifi- 
cation 




,42 
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IA61(Q21) be able to judge the worth of some uses 

of matter, energy, and life using facts. 









• 


Factor Loadings of Q-statements 
Chosen to Represent a Separate 
Nonscience Oriented Factor 


•• 


Element 
Identifi- 
cation 


Q- state- 
ment 

Number OVERALL SCIENCE 


NONSCIENCE (7 ) a 


IA62 
IA61 


23 

21 : 


.61 b 
.56 


% of variance 


4.4 



identifies the factor number for the respective factor 
solution in Appendix H 

Factor Loadings rounded to nearest hundreth 



The inferred dimension of scientific literacy was named 
"Using Natural Resources." The theme of this factor seemed 
to be that of the scientifically literate person using his 
knowledge to judge decisions which are made with regard to 
the utilization and control of aspects of nature. These 
Q-statements, both evaluative behaviors of the cognitive 
domain, represented the Factual and Generalizations com- 
ponents of the TMSL Organization of Knowledge dimension. 

Table 50 presents the Q-statements which were chosen 
to represent Factor 4 of the science oriented group's factor 
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solution* This factor was not interpre table. 



Table 50 

Factor Loadings of Q-statements Chosen 
to Represent a Non-Interpretable 
Science Oriented Factor 



Element Q-state- 
Identifi- ment 

cation Number OVERALL SCIENCE (4) a 



NONSCIENCE 



IB12 


13 




-.47 b 




VB11 


1 




.46 




IB231 


29 




.44 




VIIA61 


11 




-.43 




IA11 


28 




.42 




% of var 


iance 




5.7 





a 



Identifies the factor number for the respective factor 
solution in Appendix H 

b 

Factor Loadings rounded to nearest hundreth 



Summary of the Factor Analysis Results 

The factor analysis of the data generated by the SLQ 
for all of the respondents combined produced seven (7) fac- 
tors. From these factors seven (7) inferred dimensions of 
scientific literacy were developed and named. They were: 
I. Scientific Inquiry 
II. Maintaining Current Awareness 
III. Valuing Methods of Science 
IV. Personal Application of Science 
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V. Distinguishing Between Science and Technology 
VI. Utilizing Factual Knowledge 
VII. Mutual Involvement of Science and Society 4 
It was determined that the science oriented group and 
the nonscience oriented group could be identified with in- 
ferred dimensions I, in, iv, v, and VI. The nonscience 
oriented group, but not the science oriented group, could 
be identified with number II. The science oriented group 
had two (2) unique factors. One was inferred to be a dimen- 
sion of scientific literacy named "Science as a Human Enr 
deavor. 11 . The other factor was not interpre table. The non- 
science oriented group had one (1) factor unique to it. It 
was inferred to be a dimension of scientific literacy named 
"Using Natural Resources. " 

The Test of Null Hypotheses 1 (a) and (b) 

Hypothesis 1 was presented in two (2) parts on pages 
24 and 25 of Chapter I as a research hypothesis. For test- 
ing purposes it was restated in the null hypothesis form. 

Null Hyp othesis 1 (a) There are no significant differ- 
ences in the factor scores of the science oriented 
group of persons and the nonscience oriented group 
of persons on each of the inferred dimensions of 
scientific literacy. 
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Null Hypothesis 1 (b) There are no significant differ- 
ences in the factor scores of the subgroups, of the 
two orientation groups of persons on each of the 
inferred dimensions of scientific literacy. 

Central to the. development of the preceeding section 

was the idea that Factors I. ttt yv \t ttt 

*» ■ L - L .- L » v, and VI were common 

to the OVERALL group, the science oriented group, and the 
nonscience oriented group. Furthermore, Factor II could be 
identified in the factor solution of the OVERALL group and 
in the factor solution of the nonscience oriented group. 
Only the OVERALL Factor VII could not be identified in the 
respective factor solutions of the science oriented group 
and the nonscience oriented group. 

It should be recognized that since the OVERALL group 
is actually made up of the science oriented group and the 
nonscience oriented group, all seven (7) OVERALL factors 
should exist to some extent within the factor solutions of 
the science oriented group and the nonscience oriented 
group, it was upon this basis that the tests of Null 
Hypothesis 1 (a) and Null Hypothesis 1 (bj were performed. 
It was decided that the factor, scores for a given OVERALL 
factor could be treated as "values of a variable representing 
that factor. These factor scores had been generated by the 
SPSS (Nie, et al., 1975) subprogram FACTOR. 

To test Null Hypoth esis 1 (a) seven (7) analyses of 
variance were performed treating each of the seven (7) 

2i0 
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OVERALL factors as a dependent variable and ORIENT (see 
page 122 of Chapter in) as the independent variable. To 
test Null Hypot hesis 1 (b) seven (7) similar analyses of 
variance were performed using STATUS (see page 122 of 
Chapter in) as the independent variable, when a signifi- 
cant F-ratio (p_ £ 0.05) was encountered Scheffe' posteriori 
contrast tests were performed following the analyses of 
variance. 

This section is presented in seven (7) segments — one 
for each OVERALL factor, m each segment a table with the 
means and standard deviations for the factor is presented. 
The total of the group's factor score means on a given fac- 
tor was 0.0 since factor scores were standardized. The two 
(2) analysis of variance tables are presented along with a 
summary of the Scheffe' contrast tests where they were ap- 
propriate. A conclusirn is made with regard to the rejec- 
tion or nonr eject ion of Null Hypothesis 1 (a) and Null 
Hypothes is 1 (b) for # the particular factor. The regression 
analysis showed that the rejection of these null hypotheses 
could not always be explained on the basis of group member- 
ship alone. 
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Factor I; Scientific Inquiry 
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Table 51 

Means and Standard Deviations of 
Scientific Inquiry Factor Scores 



GrouDs 


Group S 


ize 


Mean 




SD 


UNVPURSC 




21 




— .022 




i ■- ,b 
.756 


UNVAPPSC 




19 




- .079 




.853 


UNVSC a 




40 




r- .364 




.839 


UNVNONSC 




41 




- .008 




.925 


PUBSC 




52 




.293 




.833 






42 




- . 008 




.844 


OVERALL 




175 




0.000 




.884 


a UNVPURSC 


and UNVAPPSC 


combined 








^Rounded 


to neares 


t thousandth 


• 












Table 52 










ANOVA 


for 


Scientific 


Inquiry 








Factor Scores with 


ORIENT 






Source 


df 




SS 


MS 


F 


E 


Between 


1 




0. 010 


0.010 


0.013 


0.590 


Within 


173 




136. 021 


0.786 






Total 


174 




136.032 
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Table 53 
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ANOVA for Scientific Inquiry 
Factor Scores with STATUS 



df SS_ MS F £ 

4 12.714 3.179 4.38 0.002 

170 123.118 0.725 

174 136.032 



The results of the Scheffe' a posteriori contrast tests 
at £ < 0.1 which followed the ANOVA presented in Table 53 
were: 

UNVPURSC UNVAPPSC PUBNONSC 
-0.622 -0.079 -0.008 



Each value above is a mean from Table 51. 

Null Hypothesis 1 (a) was not rejected for Factor I 
(Table 52 ) . Null Hypothesis 1 (b) was rejected for Factor 
I since the ANOVA between Factor I and STATUS (Table 53) 
showed that significant differences existed between some of 
the subgroup means (Table 51). The Scheffe' contrast tests 
showed that the difference existed between the UNVPURSC 
group and the PUBSC group. 
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Source 

Between 

Within 

Total 



UNVNONSC PUBSC 
-0.008 0.283 



Factor II: Maintaining Current Awareness 
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Table 54 

Means and Standard Deviations for 
Maintaining Current Awareness Factor Scores 



Group 


Group Size 


Mean 


SD 


UNVPURSC 


21 


- .281 b 


.785 b 


UNVAPPSC 


19 


- .003 


.944 


UNVSC 


40 


- .149 


.864 


UNVNONSC 


41 


- .281 


.880 


PUBSC 


52 


.202 


.850 


PUBNONSC 


42 


.166 


.729 


OVERALL 


175 


0. 000 


.852 


a UNVPURSC 


and UNVAPPSC combined 







b 

Rounded to nearest thousandth 



Table 55 

ANOVA for Maintaining Current Awareness 
Factor Scores with ORIENT 



Source df SS MS F 



Between 


1 


0.472 


0.472 


0.650 0.427 


Within 


173 


125.698 


0.727 




Total 


174 


126.170 
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Table 56 

ANOVA for Maintaining Current Awareness 
Factor Scores with STATUS 



Source df SS MS F £ 

Between 4 8.181 2.045 2.947 0.022 

Within 170 117.990 0.694 

Total 174 126.171 



Null Hyp othesis 1 (a) was not rejected for Factor II 
(Table 55). Null Hypothesis 1 (b) was rejected for Factor 
II since the ANOVA between Factor 11 and STATUS (Table 56) 
showed that significant differences existed between some of 
the subgroup means (Table 54); However, the Scheffe' con- 
trast tests at £ < 0.1 did not discriminate between them. 
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Factor III: Valuing Methods of Science 
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Table 57 

Means and Standard Deviations for 
Valuing Methods of Science Factor Scores- 



Group 


Group Size 


Mean 




SD 


UNVPURSC 
. UNVAPPSC 
UNVSC a 
UNVNONSC 
PUBSC 
PUBNONSC 


21 
19 
40 
41 
52 
42 


0.572 b 
-0.320 
0.148 
0.063 
-0.135 
-0. 035 


o o o o o o 


940 b 
830 
987 
941 

7 RS> 

700 


OVERALL 


175 


0. 000 


0. 


846 


a UNVPURSC and UNVAPPSC combined 








^Rounded 


to nearest thousandth 
Table 58 










ANOVA for Valuing Methods of Scie \ce 
Factor Scores with ORIxSUT 






Source 


df SS 


MS F 




E 


Between 


1 0.028 


0.028 0.040 




0.666 


Within 


173 124.470 


0.720 






Total 


174 124.500 
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Table 59 

ANOVA for Valuing Methods of Science 
Factor Scores with STATUS 



194 



Source 



df 



SS 



MS 



Between 

Within 

Total 



4 

170 
174 



9.983 
114. 516 
124.499 



2.496 
0.674 



3.705 



0.007 



The results of the Scheffe' a posteriori contract tests 
at £ < 0.1 which followed the ANOVA presented in Table 59 
were: 



UNVAPPSC PUBSC PUBNONSC UNVNONSC UNVPURSC 

-0.320 -0.135 -0.035 0.063 0.572 



Each value above is- a mean from Table 57. 

Null Hypothesis 1 (a) was not rejected for Factor III 
(Table 58). Null Hypothesis 1 (b) was rejected for Factor 
III since the ANOVA between Factor HI and STATUS (Table 59) 
showed that significant differences existed between some of 
the subgroup means (Table 57). The Scheffe' contrast tests 
showed that the UNVAPPSC and PUBSC groups were significantly 
different than the UNVPURSC group. 
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Factor IV; Personal Application of Science 
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Table 60 

Means and Standard Deviations for 
Personal Application of Science Factor Scores 



Group Group Size Mean 



SD 



UNVPURSC 

UNVAPPSC 

UNVSC 

UNVNONSC 

PUBSC 

PUBNONSC 


21 
19 
- 40 
41 

52 . 
42 


-0.267 b 
-0.442 
-0.350 
0.045 
0.167 
0.083 


0.712 b 

0.920 

0.811 

0.757 

0.938 

0.866 


OVERALL 


175 


0. 000 


0.867 


a UNVPL.RSC 


and UNVAPPSC combined 







bounded to nearest thousandth 



Table 61 



ANOVA for Personal Application of Science 
Factor Scores with ORIENT 



Source 


df 


SS 


MS 


F 


E 


Between 


1 


0. 655 


0.655 


0.870 


0.355 


Within 


173 


130.268 


0.753 






Total 


174 


130. 923 
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Table 62 

ANOVA for Personal Application of Science 
Factor Scores with STATUS 



Source 


df 


SS 


MS 


F 


E 


Between 


4 


7.02 9 


1.757 


2.411 


0.05C 


Within 


170 


123.894 


0.729 






Total 


174 


130. 923 









Null Hyp othesis 1 (a) was not rejected for Factor IV 
(Table 61). Null Hypothesis 1 (b) was rejected for Factor 
IV since the ANOVA between Factor IV and STATUS (Table 62) 
showed that significant differences existed between some 
of the subgroups means iTable 60). However, the Scheffe' 
contrast tests at £ < 0.1 did not discriminate between them. 
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Factor V: Distinguishing Between Science and Technology 



Table 63 



Means and Standard Deviations for Distinguishing 
Between Science and Technology Factor Scores 



Group Group Size Mean 



SD 



UNVPURSC 
.UNVAPPSC 
UNVSC a 
UNVNONSC 
PUBSC 
PUBNONSC 



OVERALL 



21 


0.362 b 


0.836 


19 


0.078 


0.806 


40 


0.227 


0.824 


41 


0.171 


0.920 


52 


-0.214 


0.777 


42 


— 0.117 


0.797 


175 


0.000 


0.842 



a UNVPURSC and UNVAPPSC combined 
^Rounded to nearest thousandth 



Table 64 

ANOVA for Distinguishing Between Science and 
Technology Factor Scores with ORIENT 



Source df SS MS 



Between 1 o«100 0.100 0.140 0.673 

Within 173 123.267 0.712 

Total 174 123.367 
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Table 65 

ANOVA for Distinguishing Between Science and 
Technology Factor Scores with STATUS 



Source 


df 


SS 


MS 


F 


R 


Between 


4 


7.C31 


1.758 


2.569 


0.039 


Within 


170 


116.336 


0. 684 






Total 


174 


123.357 









N. u 11 Hyp oth esis 1 (a) was not rejected for Factor V 
(Table 64). Null Hypothesis 1 (b) was rejected for Factor 
V since the ANOVA between Factor V and STATUS (Table 65) 
showed that significant differences existed between some 
of the subgroup means (Table 63). However ■, the Scheffe' 
contrast tests at £ < 0.1 did not. discriminate between them. 
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Factor VI; Utilizing Factual Knowledge 
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Table 66 

Means and Standard Deviations for 
Utilizing Factual Knowledge Factor Scores 



Group 


Group Size 


Mean 


SD 


UNVPURSC 

UNVAPPSC 

UNVSC 

UNVNONSC 

PUBSC 

PUBNONSC 


21 
19 
40 
41 
52 
42 


-0.073 b 
0.393 
0.149 
-0.209 
-0.018 
0.085 


1.081 b 

0.549 

0.891 

0.972 

0.884 

0.590 


OVERALL 


175 


0.000 


0.851 



a UNVPURSC and UNVAPPSC combined 
b Rounded to nearest thousandth 



Table 67 

ANOVA for Utilizing Factual Knowledge 
Factor Scores with ORIENT 



Source 


df 


SS 


MS 


F 


E 


Between 


1 


0.574 


0.574 


0.792 


0.378 


Within 


173 


125.311 


0.724 






Total . 


174 


125.885 
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Table 68 

ANOVA for Utilizing Factual Knowledge 
Factor Scores with STATUS 



Source 



df SS 




MS F £ 


Between 


4 5.170 




1,292 1,820 0*126 


Within 


170 120.715 




0.710 


Total 


174 125.885 






Null 


Hypothesis 1 (a) was 


not 


rejected for Factor VI 


(Table 67) 


. Null Hypothesis 1 


(b) 


was not rejected for 



Factor VI since significant differences were not found to 
exist between the subgroups, when the ANOVA was performed 
between Factor VI and STATUS (Table 68). 



223 

ERIC 



I 



201 

Factor V II; Mutual Involvement of Science and Society 



Table 69 



Means and Standard Deviations for Mutual 
Involvement of Science and Society Factor Scores 



Group Group Size Mean SD 



UNVPURSC 


21 


0. 


.104 b 


0, 


.796 


UNVAPPSC 


19 


-0. 


, 078 


0. 


.812 


UNVSC a 


40 


-0. 


, 018 


0. 


.799 


UNVNONSC 


41 


-0. 


,368 


0. 


.754 


PUBSC 


52 


0. 


306 


0. 


.666 


PUBNONSC 


42 


-0. 


,036 


0. 


.872 


OVERALL 


175 


0. 


000 


0. 


8 02 



a UNVPURSC and .UNVAPPSC combined 
b Rounded to nearest thousandth 



Table 7 0 

ANOVA for Mutual Involvement of Science and 
Society Factor Scores with ORIENT 



Source df SS MS F 



Between 


1 


6. 


.342 


6.342 


10.390 


0.002 


Within 


173 


105. 


.601 


0.610 






Total 


174 


111. 


,943 
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Table 71 

ANOVA for Mutual Involvement of Science and 
Society Factor Scores with STATUS 



Source df SS MS P » 

Between 4 10.840 2.710 4.557 0.002 

Within 170 101.103 0.595 

Total 174 111.944 



The results of the Scheffe- a posteriori contrast tests 
at £ < 0.1 which followed the ANOVA presented in Table 71 
were : 



UNVNONSC UNVAPPSC PUBNONSC UNVPURSC PUBSC 
-0.368 -0.078 -0.036 0.104 0.306 



Each value above is a mean from Table 69. 

Null Hypothesis 1 (a) was rejected for Factor VII 
(Table 70). The mean for SCIENCE was 0.181, and the mean 
for NONSCIENCE was -0.200. Null Hypothesis l (b) was re- 
jected for Factor VII since the ANOVA between Factor VII 
and STATUS (Table 71) showed that significant differences 
existed between some of the subgroup means (Table 69). The 
Scheffe' contrast tests showed that the significant differ- 
ences existed between the UNVNONSC group and the PUBSC group, 
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Summary of the Test of Null Hypotheses 1 (a) and (b) 

Table 72 presents a summary of the results of the 
analyses of variance which were used to test Null Hypothe - 
ses 1 (a) and (b) . 

i i 

Table 72 

Summary of the Tests of Null 
Hypotheses 1 (a) and (E) 



Factor Name 



Null Hypoth- Null Hypoth- Scheffe 1 
esis 1 (a) esis 1 (b) £ < o.l 



I. Scientific Inquiry 



II. Maintaining 
Current Awareness 

III. Valuing Method 
of Science 



IV. Personal Appli- 
cation of 
Science 

V. Distinguishing 
Between Science 
and Technology 

VI. Utilizing Fac- 
tual Knowledge 

VII. Mutual Involve- 
ment of Science 
and Society 



not re- 
jected 

not re- 
jected 

not re- 
jected 



not re- 
jected 



not re- 
jected 



not re- 
jected 

rejected 
(science> 
nonscience) 



rejected 
rejected 
rejected 

rejected 
rejected 



not re- 
jected 

rejected 



UNVPURSC 
< PUBSC 

non sep- 
arable 

UNVAPPSC 
and 

PUBSC < 
UNVPURSC 

nonsep- 
arable 



nonsep- 
arable 



nonsep- 
arable 

UNVNONSC 
< PUBSC 
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For Scientific Inquiry the Scheffe' contrast tests 
showed that the university pure science group was signifi- 
cantly different than the public science group. For Valuing 
Methods of Science the university pure science group was 
significantly different than both the university applied 
science group and the public science group. The public 
science group was predominately composed of applied science 
persons (see Table 5 of Chapter III) . Therefore on these 

.two (2) dimensions the differences seemed to exist between 

a pure science orientation and an applied science orienta- 
tion. The public nonscience group did not show up in the 
Scheffe' contrast tests although the university nonscience 
group did on Mutual Involvement of Science and Society. 
This suggested that possibly the public nonscience group was 
more diverse than Was the university nonscience group. 
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The Test of Null Hypothesis 2 

Hypothesis 2 was presented on page 25 of Chapter I as 
a research hypothesis. For testing purposes it was restated 
in the null hypothesis form. 

Null Hypothesis 2. There are no significant predictors 
or combinations of predictors among the variables: (a) 
amount of previous education; (b) amount of previous science 
education; (c) amount of previous education of parents or 
guardians; (d) age; and (e) sex of the persons in the sci- 
. ence oriented and nonscience oriented groups of persons and 
the inferred dimensions of scientific literacy. 

It was decided that a stepwise regression would be an' 
appropriate analysis to use to test Null Hypothesis 2 . The 
factor scores which had been produced by. the SPSS (Nie, 
et al., 1975) subprogram FACTOR for the OVERALL seven (7) 
factor solution were treated as values of the variables 
representing the factors. These factor variables were the 
dependent variables. The independent variables were listed 
in general terms in the statement of Null Hypothesis 2 . 
Specifically the variables which were used were: 

variable in general study variable 

amount of previous OWNSCHYR 
education 
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variable in general 

amount of previous 
science education 



amount of previous 
education of parents 
or guardians 

age 
sex 



study variable 



SHGENSCI, SHERTSCI, 
SHBIOL, SHCHEM, SHPHYS, 
CLBIOSCI, CLPHYSCI, 
CLERTSCI, CLENGSCI 

MOTSCHYR, FATSCHYR 



AGE . 
SEX 



It has been suggested that personal characteristics 
might have been as much or more related to the development 
of the factors as was being science or nonscience oriented. 
To better understand this possibility the regression analy- 
sis was performed twice, once with the independent variables 
previously listed and once with the values of the variable 
STATUS included. These values were not used as such. In- 
stead they were converted into dichotomous variables (see 
page 165) such that they represented membership in the 
various five (5) groups. 

The regression analyses were performed three times on 
the data: 

(1) for all respondents grouped together (OVERALL) ; 

(2) for the science oriented respondents (SCIENCE) ; 
and 

(3) for the nonscience oriented respondents 
(NONSCIENCE) . 
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Tables 74-81 present the results of. the regression 
analyses in terms of each factor for whicn an OVERALL in- 
ferred dimension of scientific literacy was developed. The 
criteria used to select variables for entry into the tables 
were: 

(1) each variable had a significant F-ratio; and 

(2) each variable had an R 2 change value not less 
than approximately 0.04. 

Table 73 presents the correlation coefficients between 
all variables selected for entry into Tables 74-81. In the 
regression analysis listwise deletion of data' was used; this 
left data from 134 respondents. As a result the correlations 
in Table 73 and those listed in the correlational analysis' 
section (see pages 163-167) will not be identical. 

Factor I: Scientific* Inquiry 

The university pure science group variable (UNVPURSC) 
was a negative predictor of this factor for OVERALL and for 
SCIENCE (Table 74). When the group membership variables 
were not included in the regression analysis the last year 
of school completed by the respondents (OWNSCHYR) entered 
as a negative predictor for SCIENCE just as it had been when 
the group membership variables were included. This was not 
surprising since UNVPURSC and OWNSCHYR were positively cor- 
related at 0.363. Null Hypothesis 2 was not rejected for 
OVERALL or for NONSCIENCE. It was rejected for SCIENCE. 



230 



208 



fd 

Eh 



CO 
d) 

rH 
-Q 

fd 
•H 

fd 

> 

u 
o 
+J 
u 

•H 

d) 

M 
Ph 

CO 
•H 
CO 
>i 

rH 

fd 

c 
o 

"H 
CO 
CO 
0) 
»H 
tn 
0) 

» 

g 
d) 
d) 
& 
+J 
d) 
.Q 

CO 
G 

d) 

•H 
U 
•H 

m 
m 

<D 

o 
u 

G 
o 

•H 

fd 

H 
<D 
Jh 
Jh 
O 
U 
Jh 
(1) 
4J 
G 
H 



PH 

w 

U 

CO 

p4 



O 

co 

g 



I 

CO 



O 

g 
g 



O 

CO 



c; 

CO 



25 



^ cm ^ r- cr» 

O O H O H rH VD 



I 



I 



CN rn IT) rH 
O ^ O 111 ro 

o o o o o o 



I 1 



VDrf COHH 
00 CM ro (M 

I I* 



n ^ 
cnj ko o 
cm h n ro 
• • • • 
Till 



0 <n esq 
<n 

cnj ^ m 
• • • 

1 I I 



00 CO 
CNJ VD 
CM rH 
t t 

I I 



o 




CO 


td 


CM 


CM 




CM 


2 


H 


> 


• 

1 



u u u 
co co co 

> > 
P D 



o 



W >i |h ^ u u 
g W K X W W 2 

gCOCOCQWtfX_.._^ 

g|SS£Sggi9993S 



H H H 

U U U 

CO CO CO CO 

>h O Eh O 

H « S 



+J 

*d 

G 

fd 

CO 

o 

,G 
+J 

+J 
CO 
CD 
M 

td 
cd 

G 

O 
+J 

<U 
G 
0 



fd 



231 



ERIC 



H 

u 

co 



ror^oorooovoinororHoio^o> 

O(NHr0(NOOOHO(NnHH 



I 



H 
U 
CO 
Eh 



VOO(NH(X)HOh(N noVO^ 
VO(Nr^VOlO(N(NinO(NHOO> 
CNHOOHnOHOCNHHCN 

r r r 



■a 
o 

a 

•H 

a 
o 
o 



H 
U 
CO 

o 

H 



CO 

w 

CM 
CO 



o^vovoHHHcninnoon 
r^or^ooc^HCNinoocvjrH 

rOHOOrOlOHHOCMCslH 



vor^ooooinooo^oooin 

OHOM^nOOOH^ 

i f r 



a) 

Eh 



g 
w 
w 
u 
w 

CO 



oinroro^ooHHinvo 

OrHOCNCOCNrHOOO 



H 

u 

CO 

Eh 

«■ 
W 
K 
co 



rHVO^OO^lOCNJ^VO 
M^nrOHOOOHCN 
OOrHOOOOrHCNJ 



H 

u 

CO 
23 

W 

o 

X 
CO 



(NrOLDCTvoOCrvVOO 
OOOOOOCNJrH 



I 



u u u 

CO CO CO 

04 £ 

Dft O 

< a 



25 D 



u 








CO 












K 




O 


u 


u 


u 




CO 


CO 


CO 


CQ 


I 


Eh 




D 




O 


s 




o 


g 


&4 



H H H H 

U U U O 

CO CO g CO CO CO 

W « K X H 13 



232 



s 

§ 

0 



> 
H 

« 
O 
E-« 
U 
< 

P4 



H 
H 
H 

« 
O 

u 
< 

P4 



H 
H 

P4 
O 
E-t 
U 
*! 

P4 



H 

O 



c^^i-Hr^om^rm^rocNOkDr^moo^D 
moomvom^DiHiH^rinr^mcNCNCNor^ 

•HiHiHOOOOiHiHOOOrHrHOCNO 



I 



I I I 



I I I I I 



CN1HO1HO1HO1HO1HOO1H1HOOO 



o^'Oi^r^oor^<Tk<Tkr^cooorHcoo 
in^^HvocNnminHH^cooioo^ 

iHOiHiHiHCNmCNOOOOrHi-HOOO 



1 I I 



I I I 



I I I I I 



r^iHiHiHm^D^ir)VDHrnrrooo^r*«cN 

CNOOCN OiHOOOOOOOOOOiH 



w 
co 



rHCN^r^ocNOr^H^rcNrHmr^rHr^ 
i— li— ioocncni— lOi— ii— li— iroOi-Hroo 



W 



^r^ooinmcNmoocriomoor^^o 
oooo^^iHrOnHcookomocNmoo 

~ ' -O O O iH O O O 



O1HOOCN1HCN1H- 



I 



I I 



I 



u a u 

CO CO to 

: c a 



D D 



O Dn tt, H H MHH 

03>h>h>iOU uuu 



ERLC 



233 



211 



•P 



CO 



8 



O 
Eh 
U 

s 



fnor-cNooooo^Hr-o^H^ovonr^ 

OOCNCNOrHOOrHOrHrHOrHOOO 



PS 

o 

Eh 
U 

6 



rHrrrrrrOcNLDrrOrnCNoorOHCNOOrr 
OrHrHOrHrHOHOHOOOOOOO 



o 

g 



ooo^o^nioooomoin^nooor^ 

H 00 H IT) CN (NHOlT)r s 'r s 'OHlO(N 
•HOrHOJOrHOrHOrHOOOOrHrHO 



2 K 33 33 to w g w w u] (/] 




ERLC 



234 



212 



Table 74 

Stepwise Regression Results for 
Scientific Inquiry 



Variable 



With Groups: 
OVERALL 



Simple Multiple 



R Change B 



UNVPURSC 

SCIENCE 

UNVPURSC 
CLERTSCI 
OWNSCHYR 

NONSCIENCE 



11.097 -0.278 



7.691 J 
5. 050 
3. 933 



■0.409 
0. 089 
■0. 349 



0.278 



0.409 
0.454 
0.500 



0.078 0.078 -0.725 



0.167 
0.206 
0.250 



0.167 
0.039 
0.044 



■0.726 
0.286 
•0.088 



NOTHING 



Without Groups: 
OVERALL NOTHING 
SCIENCE 

OWNSCHYR 12.074 C -0 349 
CLERTSCI 3.458 0.089 



NONSCIENCE 



NOTHING 



0.349 
0.405 



0.122 
0.164 



0.122 
0.042 



-0.146 
0.247 



F = 3.92; df = 1,132; £ * 0.05 
3 F = 2.75; df = 3,67; £ < 0.05 
"F = 3.13; df = 2,68; £ < 0.05 
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For Scientific Inquiry the groups' factor score means/ 
the results of the Scheffe' contrast tests, and the nega- 
tive prediction by the UNVPURSC group variable indicated 
that membership in subgroups was more related to the de- 
velopment of this factor than simply being science oriented 
or nonscience oriented. it was inferred from these analyses 
that the university pure science respondents with the higher 
level of schooling tended to play down the importance of 
personal involvement in scientific inquiry for the high 
school graduates in general. This effect .was reduced when 
the respondents had college earth science courses in their 
educational backgrounds. 

Factor II: Ma intaining Current Awareness 

Table 75 shows that the last year of school completed 
by the mothers of the respondents (MOTSCHYR) was a negative 
predictor in the OVERALL, SCIENCE, and NONSCIENCE groups. 
The last year of school completed by the respondents 
(OWNSCHYR) was a negative predictor of Fac^r . II for the 

OVERALL group. For SCIENCE the public science group member- 
ship variable (PUBSC) was a positive predictor. For 

NONSCIENCE the public nonscience group membership variable 
(PUBNONSC) was a positive predictor as was having had a 

senior earth science course (SHERTSCI) . Null Hypothesis 2 

was rejected for the OVERALL, SCIENCE, and NONSCIENCE 

groups. 
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Table 75 



Stepwise Regression Results for 
Maintaining Current Awareness 



Variable 



Simple Multiple 



R Change B 



With Groups: 
OVERALL 

MOTSCHYR 16.221* 
OWNSCHYR 6.803 



SCIENCE 

MOTSCHYR 
PUBSC 

CONSCIENCE 



8.961 4 
5. 021 



MOTSCHYR 10.88 8 
PUBNONSC 3.982 
SHERTSCI 3.943 



■0.330 
■0.220 



■0.316 
0.226 



0.357 
0.281 
0.202 



0.330 
0.391 



0.316 
0.402 



0.357 
0.442 
0.496 



0.109 
0.153 



0.100 
0.162 



0.109 
0.044 



0.100 
0. 062 



0.127 0.127 
0.195 0.068 
0.246 0.050 



■0. 096 
■0.056 



■0. 090 
0.429 



■0.130 
0.380 
0.782 



Without Groups: 

OVERALL SAME AS ABOVE 

SCIENCE 

MOTSCHYR 7.652 d -0.316 
NONSCIENCE 

MOTSCHYR 9.635 e -0.357 
SHERTSCI 4.575 0.2 02 

CLBIOSCI 3.483 -0.283 



0.316 0.100 0.100 



0.357 
0.441 
0.490 



s 



3.07; df 

3.14; df 

2.76; df 

3.98; df 

2.76; df 



= 2,131; p_ <( = 0. 05 



2,68 
3,59 
1,69 
3,59 



£ <= 0. 05 
£ £ = 0. 05 
p_ J - 0. 05 
£ & = 0. 05 



0.127 
0.195 
0.240 



0.127 
0.068 
0.045 



-0.086 



■0.124 

0 .'840.. 
■0.265 
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The regression analysis demonstrated that individual 
characteristics of respondents had more to do with the sig- 
nificant differences which existed between the groups' fac- 
tor score means than did group membership. ' Table 12 (see 
page 132) showed that the PUBSC and PUBNONSC groups had the 
lowest mean and the largest standard deviation values of all 
groups for OWNSCHYR. It appeared that the public science 
and nonscience respondents with lower and more diverse edu- 
cational levels and whose mothers had completed fewer years 
of school tended to support the Maintaining Current Aware- 
ness dimension. From this it was inferred that respondents 
who had completed fewer years of school desired to upgrade 
their general science knowledge. Also, respondents whose ' 
mothers had completed fewer years of school were encouraged 
to continue to learn. 

The regression analysis also indicated that those pub- 
lic nonscience respondents who had studied earth science in 
high school but who had not studied a biological science in 
college were more concerned about Maintaining Current Aware- 
ness. It could have been in fact that these were persons 
who had not even gone to college. An alternative to this 
inference was posited. Those public nonscience respondents 
with an earth science background in high school were more 
concerned about current awareness than those respondents 
with a college biological science background. 
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Factor I II; Valuing Methods of Science 

The university pure science group membership variable 
(UNVPURSC) was a positive predictor of Valuing Methods of 
Science in the OVERALL and the SCIENCE groups (Table 76) . 
When the group membership variables were not included the 
last year of school completed by fatners of the respondents 
(FATSCHYR) and that completed by the respondents (OWNSCHYR) 
were both positive predictors in the SCIENCE group. Also, 
a high school physics background was a negative predictor. 
Null Hypothesis 2 was not rejected for the OVERALL group. 
It was rejected for the SCIENCE group but not for the 
NONSCIENCE group. 

The groups' factor score means, the Scheffe- contrast 
tests, and the results of the regression analysis indicated 
that university pure science respondents felt most high 
school graduates should value methods of science. However, 
the university applied science and public science respond- 
ents considered this less important for most high school 
graduates. This suggested that subgroup membership was more 
related to the development of the factor than was science/ 
nonscience orientation. 

In the SCIENCE group it appeared that university pure 
science respondents who had higher levels of education, and 
whose fathers had higher levels of education, tended to 
value methods of science. But, it also appeared that uni- 
versity pure science respondents who had high school physics 
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Stepwise Regression Results for 
Valuing Methods of Science 



Variable f simple ~ Multiple R 2 r 2 change B 

With Groups: 
OVERALL 

UNVPURSC 9.742 a 0.262 0.262 0.069 0.069 0.666 
SCIENCE 

UNVPURSC 10.803 b 0.369 0.369 0.136 0 136 0 177 

SH™ n°i. 6 Q ° °' 451 °- 2 ° 4 0:068 2.'062 

SHPHYS 4.263 -0.249 0.501 0.251 0.048 -0.555 

NONSCIENCE NOTHING 

Without Groups : 
OVERALL NOTHING 



SCIENCE 



SSSf" SiH 0 2i!o° °- 295 °- 067 •••« "-059 

SHPHYS 5.514 -0.249 0.362 0.131 0 06"? -n fifil 

OWNSCHYR 3.495 0.212 0.417 0.11, 
NONSCIEN CE NOTHING 



a F = 3.92; df = 1,132; £ ± = 0.05 
b F = 2.75; df = 3,67; p < = 0.05 
C F = 2.75; df = 3,67; £ < = 0.05 
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in their educational background did not value methods of 
science for most high school graduates. The studying of 
physics is sometimes construed as in effect becoming more 
specialized in science. Therefore, possibly the results of 
the analysis'. were saying that university pure science re- 
spondents with broader science backgrounds (that is, not 
including physics) tended to value methods of science for 
most high school graduates. ... 

Factor IV: Personal Application of Science 

Personal Application of Science was predicted by an 
individual characteristic of the respondents rather than by 
group membership. Table 77 shows that the age of the re- 
spondents (AGE) was a negative predictor for the OVERALL and 
NONSCIENCE groups. The public science group membership vari- 
able was a positive predictor in the SCIENCE group analysis, 
but when group membership variables were not included, the 
last year of school completed by the respondents (OWNSCHYR) 
entered as a negative predictor. For the NONSCIENCE group 
senior high chemistry (SHCHEM) and senior high earth science 
(SHERTSCI) were positive predictors. Null Hypothesis 2 was 
rejected for the OVERALL, SCIENCE, and NONSCIENCE groups. 

The regression analysis indicated that an individual 
characteristic of the respondents was more related to the 
development of the factor than was group membership. Since 
age (AGE) was a negative OVERALL predictor, it appeared that 
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Table 77 



Stepwise Regression Results for 
Personal Application of Science 



R 

Variable F Simple Multiple R 2 r 2 change B 

With Groups: 
OVERALL 

AGE 5.985 a -0.208 0.208 0.043 0.043 -0.140 

SCIENCE 

PUBSC 4.766 b 0.254 0.254 0.065 0,065 o;481 

NONSCIENCE 

aSESSci t'llf ° n 'l 8 A 2- 288 °- 083 °- 083 °- 52 i 

SHERTSCI 3.687 0.245 0.394 0.155 0.072 0.754 
3 -588 -0.265 0.451 0.204 0.048 ' -0.142 

Without Groups: 

OVERALL SAME AS ABOVE 

SCIENCE 

OWNSCHYR 4.727 d -0.253 0.253 0.064 0.064 -0.089 
NONSCIENCE SAME AS ABOVE 



a F = 


3. 


92; 


df = 


1,132; £ 4. 


= 0.05 


b I = 


3. 


98; 


df = 


1, 69; £ < = 


0. 05 


C F = 


2. 


76; 


df = 


3,59; £ < = 


0.05 


s- 


3. 


98; 


df = 


1,69; £ c - 


0. 05 
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younger respondents tended to value th\s dimension. In par- 
ticular, in the NONSCIENCE group it appeared that younger 
respondents (more recently educated) with high school 
chemistry and earth science in their educational backgrounds 
tended to place higher value on personal application of sci- 
ence, it might be argued that the recent curriculum develop- 
ments in science have had an effect on these younger re- 
spondents. 

The public science respondents with lower educational 
levels tended to value Personal Application of Science for 
most high school graduates. The converse would be that 
their counterparts, the university pure and applied science 
respondents, did not value personal application of science 
as highly for most high school graduates. The summary of 
the descriptive statistics for SLQ data (see pages 162-163) 
Supported this. 

Factor V: Distingui shing Between Science and Technology 

Tha regression analysis results (Table 78) showed that 
the public science group membership variable (PUBSC) nega- 
tively predicted Factor V for the OVERALL group; whereas, 
the university pure science group membership variable 
(UNVPURSC) positively predicted for the SCIENCE group. When 
the group membership variables were not included college 
level engineering science (CLENGSCI) entered as a negative 
predictor and sex (SEX) entered as a positive predictor 
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Table 78 



Stepwise Regression Results for 
Distinguishing Between Science and Technology 



Variable F Simnle " i? 'M«n--iT*-i« r> 2 «2 



Simple "Multiple If if change B 



With Groups: 
OVERALL 



PUBSC 6.632 a -0.219 0.219 0.048 0.048 -0.404 
SCIENCE 

UNVPURSC 5.641 b 0.275 0.275 0.076 0.076 
NONSCIENCE 



a F = 3.92; df = 1,132; £ < = 0.05 

F = 3.98; df = 1,69; £ < = 0.05 

C F = 2.76, df = 3,59; £ < = 0.05 

F = 3.13; df - 2,68; p < = 0.05 



0.526 



AGE 7.397 0.309 0.309 0.095 0,095 0 201 

5™* *i 8 ° J-W8 0.427 0.182 0.087 O.lll 

SLPHYS 5.353 0.232 0.500 0.250 0.068 0.444 

Without Groups: 
OVERALL NOTHING 
SCIENCE 

CLENGSCI 5.730 d -0.21* 0.216 0.047 0.047 -0.197 

SEX 3 ' 777 0.144 0.3.U 0.097 0.050 0.718 

NONSCIENCE SAME AS ABOVE 
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for the SCIENCE group, For the NONSCIENCE group age (AGE) , 
the last year of school completed by the fathers of the re- 
spondents (FATSCHYR) , and high school physics in the educa- 
tional backgrounds of the respondents (SHPHYS) were all 
positive predictors. Nun Hypothesis 2 was not rejected for 
the OVERALL group. It was rejected for the SCIENCE and 
NONSCIENCE groups. . 

The results of the regression analysis and the groups' 
factor score means suggested that subgroup membership was 
more related to the development of the factor than was 
• science/nonscience orientation. In the SCIENCE group, it. was 
observed that those respondents who had taken few college 
level engineering courses (the UNVPURSC group) tended to 
value most high school graduates being able to distinguish 
between science and technology. But, those respondents who 
had taken several college level engineering courses (the 
PUBSC group) tended not to value this dimension for most 
high school graduates. Since the university applied science 
group factor score mean was less than that of the university 
pure science group factor score mean and since the public 
science factor score mean was negative, it was inferred that 
pure science respondents ivere more concerned than were ap- 
plied science respondents that most high school graduates be 
able to distinguish between science and technology. The 
positive sex predictor in the SCIENCE group reflected the 
fact that this group was predominately composed of males 
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(see. Table 7 on page 126). 

In the NONSCIENCE group the positive predictors indi- 
cated that older respondents who had high school physics. in 
their educational backgrounds and whose fathers had higher 
levels of education tended to value distinguishing between 
science and technology. it could be said that younger re- 
spondents who did not have high school physics in their edu- 
cational backgrounds and whose fathers had lower levels of 
.education tended not to see reason for distinguishing be- 
tween science and technology. This. latter statement is sup- 
ported by the findings of Etzioni and Nunn (1974). They 
found that "the overwhelming majority of the public seems 
to confuse science and technology and sees science in a 
very technological instrumental light." See page 16 of 
Chapter I. 

Factor VI: Utilizing Factual Knowledge 

There were no predictors of Factor VI for the OVERALL 
group (Table 79). The university applied science group mem- 
bership variable (UNVAPPSC) was a positive predictor for the 
SCIENCE group, but when the group membership variables were 
not included, no variables replaced it. In the NONSCIENCE 
group the public nonscience group membership variable 
(PUBNONSC) was a positive predictor. When the group member- 
ship variables were removed, the last year of school com- 
pleted by the respondents (OWNSCHYR; and also that of their 
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Table 79 

Stepwise Regression Results for 
Utilizing Factual Knowledge 



Variable 



R 



Simple Multiple 



R 



R Change b 



With Groups: 

OVERALL 

SCIENCE 



NOTHING 



UNVAPPSC 4.426 a 0.245 
NONSCIENCE 

MOTSCHYR 2.907 b -0.247 

PUBNONSC 10.816 0.243 

SHPHYS 10.276 0.230 



0.245 



0.247 
0.337 
0.495 



0.060 0.060 



0.061 
0.114 
0.245 



0. 061 
0.052 
0.131 



0.612 



-0.065 
0.681 
0.664 



Without Groups: 
OVERALL NOTHING 



SCIENCE 

NONSCIENCE 

MOTSCHYR 
SHERTSCI 
SHPHYS 
OWNSCHYR 



NOTHING 



3.764 1 
2.394 
7.195 
5.875 



-0.247 
0.181 
0.230 

-0.206 



0.247 
0.332 
0.393 
0.482 



0.061 
0.110 
0.154 
0.232 



0.061 
0.049 
0. 044 
0. 078 



-0.077 
0.603 
0.552 

-0.071 



F = 3.98; df = 1,69; £ * = 0.05 



F = 2.76; df = 3,59; £ 4. m 0.05 
3 F = 2.52; df = 4,58; £ < = 0.05 
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mothers (MOTSCHYR) entered as negative predictors. Senior 
high earth science (SHERTSCI) and chemistry (SHCHLM) were 
positive predictors. Null Hypothesis 2 was not rejected for 
the OVERALL group r for the SCIENCE group. It was rejected 
for the NONSCIENCE g , oup. 

The positive prediction by the university applied sci- 
ence group member- p variable of Factor VI, Utilizing Fac- 
tual Knowledge, seemed to add credibility to the name of 
.this inferred dimension. That is, application (applied sci- 
ence) and utilization (utilizing factual knowledge) are 
somewhat s/nonymous . 

In the NONSCIENCE group public nonscience respondents 
who had lower levels of education and whose mothers also had 
lower levels of education tended to value the dimension Uti- 
lizing Factual Knowledge. Examining the Q-statements which 
represented this dimension (see pages 179-180) it was ob- 
served that knowing facts (Q28) had the largest factor load- 
ing. This tended to complement and to support the infer- 
ences which were made on the Maintaining. Current Awareness 
dimension. That is, the respondents with fewer years of 
school completed desired to upgrade their factual knowledge. 
Also, those respondents whose mothers had completed fewer 
years of school were encouraged to continue learning. 

In addition, in the NONSCIENCE group it appeared that 
those public nonscience respondents who had taken an earth 
science and/or a physics course in high school tended to 
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value Utilizing Factual Knowledge. Those respondents who 
had higher levels of education, whose mothers had higher 
levels of education, and who generally did not take high 
school earth science and/or physics tended not to value 
Utilizing Factual Knowledge. It seemed reasonable that 
these descriptors could be generally applicable to the uni- 
versity nonscience respondents. Moreover, since the public 
nor science group membership variable positively predicted 
Factor VI, this left only the university nonscience group 
membership variable as the counterpart in the NONSCIENCE 
group. 

Factor VII; M utual Involvement of Science and Soceity 

Table 80 shows that the university nonscience group 
membership variable (UNVNONSC) was a negative predictor of 
Factor VII for the OVERALL and NONSCIENCE groups. College 
level earth science (CLERTSCI) was a negative predictor for 
the SCIENCE group. When the group membership variables were 
not included, the last year of school completed by the re- 
spondents (OWNSCHYR) entered as a negative predictor of Fac- 
tor VII for the OVERALL group while senior high physics 
(SHPHYS) entered as a positive predictor. For the NONSCI- 
ENCE group senior high general science (SHGENSCI) was a 
positive predictor, while the last year of school completed 
by the respondents (OWNSCHYR) and by their mothers 
(MOTSCHYR) was a negative predictor. Null Hypothesis 2 
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Stepwise Regression Results for Mutual 
Involvement of Science and Society- 



Variable 



Simple Multiple R' 



Change 



B 



With Groups: 
OVERALL 

UNVNONSC 10. 558 a 
SCIENCE 



-0.272 



0.272 



0.074 



0. 074 



•0.461 



CLERTSCI 6.313 

NONSCIENCE 

SHGENSCI 6.319° 
UNVNONSC 3.959 
MOTSCHYR 3.101 



-0. 290 



0. 325 
-0. 250 
-0. 256 



0.290 



0.325 
0.405 
0.454 



0. 084 



0.106 
0.164 
0.206 



0. 084 



0.106 
0.059 
0. 042 



•0.245 



0.445 
-O.3.: ) 
-0. Obi 



Without Groups: 



OVERALL 

OWNSCHYR 
SHPHYS 

SCIENCE 

NONSCIENCE 



8. 958' 
7. 711 



-0.185 
0.160 



' SAME AS ABOVE 



0. 185 
0.297 



0.034 
0. 08 8 



0. 034 
0.054 



•0. 060 
0.378 



SHGENSCI 
OWNSCHYR 
MOTSCHYR 



5. 
3. 
3. 



497' 

167 

062 



2? 



0.325 
-0.253 
-0.256 



3.92; df 

3.98; df 

2.76; df 

3.07; df 

2.76; df 



0. 325 
0. 393 
0.. 443 



0.105 
0.154 
0.196 



0.105 
0.049 
0. 042 



1,132; £ < = 0. 05 
1,69; p_ ^ = 0.05 
3,59; £ ^ = 0.05 
2,131; £ < = 0.05 
3,59; £ 4. = o. 05 



0.420 
•0.042 
•0. 061 



250 



228 

was rejected for the OVERALL, SCIENCE, and NONSCIENCE 
groups. 

The Mutual Involvement of Science and Society dimension 
was the only dimension for which the two (2) orientation 
groups were statistically different. However, the Schef f e • 
contrast tests and the results of the regression analysis 
. showed that it was more than just a science/nonscience ori- 
entation. 

The regression analysis and the groups' factor score 
moans indicated that the respondents in the university, pure 
and applied science groups and in the public nonscience 
group valued Mutual Involvement of Science and Society more 
than did the university nonscience respondents. ' when the 
group membership variables were removed, respondents in the 
OVERALL group who had higher levels of education and who 
generally had not taken high school physics did not value 
this factor highly. These characteristics were descriptive 
of university nonscience respondents whose group membership 
had originally been the OVERALL negative predictor. 

For the SCIENCE group it was inferred from the results 
of the regression analysis that respondents who had not taken 
many earth science courses at the college level tended to 
value the dimension. An alternative inference was posited. 
Respondents in the SCIENCE group who had not gone to college 
tended to value the dimension. This inference seemed weaker 
than the first. 
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In the NONSCIENCE group it was inferred that the public 
nonscience respondents valued the dimension more than did 
the university nonscience respondents. This was supported 
by the groups' factor score means. From this perspective 
it was seen that the public nonscience respondents who had 
completed fewer years of school and whose, mothers had com- 
pleted fewer years of school tended to value the dimension. 
This was additionally supported in that those respondents 
who valued the dimension had taken high school courses in 
general science. Table 20 on page 137 .confirmed that the 
pub .ic nonscience group had the largest mean value in terms 
of those respondents who had studied general science at the 
high school level. 

Summary of the Test of Hull Hypothesis 2 

Table 81 presents a summary of the results of the re- 
gression analyses used to test Null Hypothesis 2 . 

Table 81 i 
Summary of the Test of Null Hypothesis 2 

Factor Name OVERALL SCIENCE NONSCIENCE 



I. Scientific 

Inquiry no t rejected rejected not rejected 

II. Maintaining 
Current 

Awareness rejected rejected rejected 
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Table 81 (continued) 



Factor Name 


OVERALL 




NONSCIENCE 


III. Valuing 
Methods 










of Sci- 










ence 


not 


rejected 


rejected 


not rejected 


IV. Personal Ap-, 










plication of 










Science 




y& i on fori 


rejected 


rejected 


V. DistinQlii "i nrr 

Between Sci— 






* 




ence and Tech- 










nology 


not 


rejected 


rejected 


rejected 


VI. Utilizing 
Factual 










Knowledge 


not 


rejected 


not rejected 


rejected 


VII. Mutual In- 










volvement of 










Science and 










Society 




rejected 


rejected 


rejected 



General Summary of the Data Analyses 



The following observations were made with regard to the 
sorting of the SLQ by all respondents. In general the re- 
spondents rated knowledge, comprehension, and application 
TMSL behaviors more highly than the other TMSL behaviors. 
They were more supportive of the Factual and Generalizations 
components of the Organization of Knowledge dimension; the 
Intellectual Processes dimension; and the Interaction of 
Science, Technology, and Society dimension. In general they 
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placed less importance on the Discipline component of the 
Organization of Knowledge dimension; the Values and Ethics 
dimension; and the Human Endeavor dimension. 

Overall Q-statements representing TMSL elements IA11, 
IA31, IA13, IIA41, IIB11, and VIIA21 received the highest 
relative ratings. Those which received the lowest relative 
ratings represented elements IB12, IA53 , IIB21, IHA51,~ 
VA41, VB11, VB21, and VIA61. 

Comparing the names of the OVERALL seven (7) inferred 
dimensions to the summary above with regard to the sorting 
of the SLQ and the Theoretical Kodel of Scientific Literacy, 
the following observations were made. The Scientific In- 
quiry, Maintaining Current Awareness, Valuing Methods of 
Science, Personal Application of Science, and Utilizing 
Factual Knowledge inferred dimensions connoted the thre'- 
(3) TMSL behaviors which were more highly valued— namely 
knowledge, comprehension, and application. Likewise, the 
Maintaining Current Awareness, Valuing Methods of Science, 
Distinguishing Between Science and Technology, Utilizing 
Factual Knowledge, and Mutual Involvement of Science and 
Society inferred dimensions connoted those TMSL dimensions 
which were more highly valued— namely Organization of 
Knowledge; Intellectual Processes; Interaction of Science 
and Technology; Interaction of Science and Society; and In- • 
teraction of Science, Technology, and Society. 
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Three (3) major generalizations were developed from the 
results of the data analysis. 

I. Membership in subgroups of the science oriented 
group or the nonscience oriented group was more 
related to respondents* perceptions of scien- 
tific literacy than was membership in either the 
science oriented group or the nonscience ori- 
ented group. 

In the Descriptive Statistics for SLQ Data section it 
was found that the sign of the groups' means on a given 
Q-statement was the same on only twenty-four (24) of the 
forty-five (45) Q-statements. In addition the magnitudes 
of the groups.* means were often quite different. In the 

i 

Correlational Analysis of INFORMATION SHEET and SLQ Data 
section the summary of Table 40 (see pages 166-167) indi- 
cated that differences between the five (5) groups were more 
apparent than were commonalities. The test of Null Hypothe- 
sis 1 (b) was rejected on six (6) of the seven (7) OVERALL 
inferred dimensions. Twice the significant differences 
seemed to be between a pure science orientation and an ap- 
plied science orientation. The regression analysis showed 
that the OVERALL group factor scores was predicted by a 
group membership variable on five (5) inferred dimensions. 
The same was true for the SCIENCE group factor scores on 
six (6) inferred dimensions and for the NONSCIENCE group 
factor scores on three (3) inferred dimensions. 
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II. Individual characteristics of respondents were 
related to respondents' perceptions of scien- 
tific literacy. 

In the regression analysis- age of the respondents (AGE) 
predicted the OVERALL group factor scores on one (1) in- 
ferred dimension and the NONSCIENCE group factor scores on 
two (2) inferred dimensions. The sex of the respondents 
(SEX) predicted the SCIENCE group factor scores on one (1) 
inferred dimension. The last year of school completed by 
the respondents (OWNSCHYR) predicted the OVERALL group fac- 
tor scores on two (2) inferred dimensions, the SCIENCE group 
factor scores on three (3) inferred dimensions, and the 
NONSCIENCE group factor scores on two (2) inferred dimen- 
sions. 

The last year of school completed by the mother of the 
respondents (MOTSCHYR) predicted the OVERALL group and the 
SCIENCE group factor scores on one (1) inferred dimension 
and the NONSCIENCE group factor scores on three (3) in- 
ferred dimensions. The last year of school completed by 
the fathers of the respondents (FATSCHYR) predicted the 
SCIENCE group and NONSCIENCE group factor scores on one (1) 
inferred dimension each. 

III. The science courses which respondents had taken 
were related to the respondents 1 perceptions of 
scientific literacy. 
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The SCIENCE group factor scores was predicted by col- 
lege level earth science (CLERTSCI) and by college level en- 
gineering courses (CLENGSCI) on one (1) inferred dimension 
each. The NONSCIENCE group factor scores was predicted by 
college level biological sciences (CLBIOSCI) on one (1) in- 
ferred dimension. 

Senior high earth science (SKERTSCI) predicted the 
NONSCIENCE group factor scores On three (3) inferred dimen- 
sions. Senior high physics (SHPHYS) predicted the OVERALL 
group and the SCIENCE group factor scores on one (1) in- 
ferred dimension each. Senior high general science 
(SHGENSCI) and senior high chemistry (SHCHEM) predicted 
the NONSCIENCE group factor scores on one (1) inferred 
dimension each. 
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CHAPTER V 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Overview of the Study 

The study of science 'is an important component in the 
school curriculum. It serves at least three purposes: 

1. to prepare future scholars for the different 
disciplines of science; 

2. to help individuals attain the necessary -back- 
grounds for entry into technological occupations 
and professions; and 

3. to provide an aspect of the individual's general 
education which will promote effective citizen- 
ship. 

This study focused on the last purpose which is often 
described by the umbrella term "scientific literacy." A 
review of the literature related to the teaching of science 
revealed a need to define scientific literacy. 

A theoretical definition of scientific literacy was 
developed in order to: 

1. have a valid, comprehensive, and functional 
definition at the present tirce. 
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2. facilitate communication in reference to the 
educational goal of developing scientifically 
literate citizens. 

3. provide a basis for developing science education 
programs which will enable students to attain 
appropriate levels of scientific literacy. 

4. provide a basis for developing an instrument to 
assess student achievement in the identified 
dimensions of scientific literacy. 

This theoretical definition was called A Theoretical Model 
of Scientific Literacy (TMSL) . 

The TMSL provided the theoretical basis for the de- 
velopment of the forty-five (45) statements which eventually 
comprised the Scientific Literacy Q-set (SLQ) . A question- 
naire, the INFORMATION SHEET, was developed to seek informa- 
tion from persons concerning: 

1. amount of previous education; 

2. amount of previous science education; 

3. amount of previous education of parents or 
guardian; 

4. occupation; 

5. age; and 

6. sex. 

After piloting and refining the two instruments, they 
were used to collect data to satisfy the problems posited 
for the study. These were: 
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To infer dimensions of scientific literacy with 
regard to a theoretical definition of scientific 
literacy for each of two groups of persons, sci- 
ence oriented and nonscience oriented, and for the 
two groups combined. 

(a) To compare the strength of agreement of the 
science oriented group of persons and the 
nonscience oriented group of persons with the, 
overall inferred dimensions of scientific 
literacy of the two orientation groups com- 
bined. 

(b) To compare the strength of agreement of the 
subgroups of the two orientation groups (uni- 
versity pure science, university applied sci- 
ence, university nonscience, public science, 
and public nonscience) with the overall in- 
ferred dimensions of scientific literacy of 
the two orientation groups combined. 

To determine what relationships exist between the 
inferred dimensions of scientific literacy with 
regard to a theoretical definition of scientific 
literacy for the groups of science oriented and 
nonscience oriented persons and the variables: 
(a) amount of previous education; (b) amount of 
previous science education; (c) amount of previous 
education of parents or guardians; (d) age; and 
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(e) sex. 

The sample of persons was drawn from assistant, asso- 
ciate, and full professors at The Ohio State University and 
from persons residing within Franklin County, Ohio. Science 
oriented persons were defined as persons whose occupations 
required training in a science or science-related field. 
Nonscience persons were defined as persons whose occupations 
required no such training. Thirty-seven (37) university 
pure science, thirty-eight (38) university applied science, 
and one hundred (100) public science persons constituted the 
science oriented group. Seventy-five (75) university non- 
science and one hundred (100) public nonscience persons con- 
stituted the nonscience oriented group. The university per- 
sons were randomly selected from The Ohio State University 
1975-197 6 Faculty and Staff Directory . The public persons 
were randomly selected from the 1975 R. L. Polk Directory 
for the City of Columbus, Ohio . 

The SLQ, the INFORMATION SHEET, and ancillary materials 
were mailed to the 350 persons on April 4, 1976. On May 14, 
1976 the data collection period was concluded; there were 
185 respondents. It was determined that forty (40) persons 
had not received the materials; therefore, there was a 60% 
response. Statistical tests indicated that the responses 
from the five (5) groups were representative of each group 
as it had been sampled originally. 
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A separate sample of thirty-eight (38) persons was de- 
veloped which was representative of the study sample. The 
SLQ was sorted by these persons in a test-retest situation 
with one (1) to eight (8> weeks between sorts. Person's r 
was used to calculate correlation coefficients; the average 
coefficient was 0.487. 

The data were computer analyzed. Descriptive statis- 
tics, intercorrelations, and correlations of the data were 
generated. The responses to the SLQ were factor analyzed 
to satisfy Problem 1. Analysis of variance was used to test 
the null hypotheses posited to satisfy Problem 2 (a) and 
(b). Regression analysis was used to test the null hypothe- 
sis posited to satisfy Problem 3 . Factor scores from the 
factor solution for all respondents grouped together were 
used as the dependent variables in the tests of the null 
hypotheses. 

Discussion of the Results 

The Inf erred Dimensions of Scientific Liter acy 

The factor analysis with all respondents grouped to- 
gether produced seven (7) factors. These were developed as 
inferred dimensions of scientific literacy and were named. 
These follow along with citings from Chapter II of persons 
who either posited or investigated similar dimensions. 

I. Scientific Inquiry - Thu theme of this inferred 
dimension seemed to be that of producing new knowledge 



through a synthesizing type of activity. (NSTA, 1971; 
Klopfer, 1969; Pella, 1975; Robinson, 1968; Kimball, 
1967-1968; Pella, O'Hearn, and Gale, 1966; Cossman, 1969; 
Gallagher, 1969; Kcrth, 1969) 

II. Maintaining Current Awareness - The theme of this 
inferred dimension seemed to be the valuing of people keep- 
ing touch with and maintaining an understanding of new de- 
velopments in science and technology. (Haney, 1966; NSTA, 
1971; Koelsche and Morgan, 1964; Goldberg, 1966; Richardson 
and Showalter, 1967; Wood, Pella, and O'Hearn, 1967-1968; 
Pella, O'Hearn, and Gale, 1966; Pella, 1975; Gallagher, 
1969) 

III. Va uing Methods of Science - The theme of this 
inferred dimension seemed to be a personal valuing of 
methods which scientists use their work. (Carelton, 
1963; Haney, 1966; NSTA, 1971; Kimball, 1967-1968; 
Showalter, 1974; Wood, Pella, and O'Hearn, 1967-1968; Pella, 
1967; Evans, 1970; Pella, 1975; Leake and Hinerman, 1973; 
Jones, 1969; Gallagher, 1969; Korth, 1969; Robinson, 1968) 

IV. Personal Application of Science - The theme of 
this inferred dimension seemed to be application of scien- 
tific knowledge and methods of science in daily living. 
(Haney, 1966; NSTA, 1971; Showalter, 1974; Evans, 1970- 
Pella, 1975; Leake and Hinerman, 1973; Jones, 1969; 
Gallagher, 1969; Stauss, 1968; Helgeson, 1968; Carey, 1968) 
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V. Distinguishing Between Science and Technology - 
The theme of this inferred dimension seemed to be that of 
distinguishing between science and technology in terms of 
goals and results. (NSTA, 1971; Hurd, 1970? Showalter, 

|1974; Klopfer, 1969; Wood, Pella, and O'Hearn, 1967-1968; 
Pella, O'Hearn, and Gale, 1966; Pella, 1967; Fox, 1969; 
Korth, 1969) 

VI. Utilizing Factual Knowledge - The theme of this 
inferred dimension seemed to be knowing and using for vari- 
ous purposes factual knowledge about nature. (Haney, 1966; 
NSTA, 1971; Koelsche and Morgan, 1964; Goldberg, 1966; Wood, 
Pella, and O'Hearn, 1967-1968; Pella, 1975; Leake and 
Hinerman, 1973; Gallagher, 1969; Showalter, 1974; Jones, 
1969; Cossman, 1969; Korth, 1969; Voelker, 1968; Pella and 
Ziegler, 1967) 

VII. Mutual Involvement of Science and Society - The 
theme of this inferred dimension seemed to be that of so- 
ciety examining its values as science provides mankind with 
more capabilities. Also, society should establish condi- 
tions within which science can thrive. (NSTA, 1971; Hurd, 
1970; Daugs, 1970; Showalter, 1974; Klopfer, 1969; Wood, 
Pella, and O'Hearn, 1967-1968; Pella, O'Hearn, and Gale, 
1966; Pella, 1967; Tyler, 1973; Cossman, 1969; Fox, 1969; 
Gallagher, 1969; Korth, 1969; Boles, 1968) 

Inferred dimensions I, in, iv, V, and VI were iden- 
tified in the factor solution using responses from the 
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science oriented group. A noninterpretable factor and an 
interpretable factor were also produced. The latter 
named "Science as a Human Endeavor." The theme of this in- 
ferred dimension seemed to be playing down the "omnipotency" 
of science, technology, and scientists. (NSTA, 1971; 
Robinson, 1968; Kimball, 1967-1968; Hurd, 1970; Pella, 1975; 
Cossman, 1969; Daugs, 1970; Gallagher, 1969; Ulhorn, 1970; 
Schmidt, 1970) 

Inferred dimensions I, II, m, iv, v, and VI were 
identified in the factor solution using responses from the 
nonscience oriented group. Another factor was also pro- 
duced. It was named "Using Natural Resources. " The theme 
of this inferred dimension seemed to be one of the scien- 
tifically literate person using his knowledge to judge de- 
cisions made with regard to aspects of nature. (Klopfer, 
1969; Pella, 1975) 

With regard to the TMSL the respondents generally rated 
knowledge, comprehension, and application behaviors more 
highly than other TMSL behaviors. They were more supportive 
of the Factual and Generalizations components of the Organi- 
zation of Knowledge dimension; the Intellectual Processes 
dimension; and the Interaction of Science, Technology, and 
Society dimension. In general they placed considerably less 
importance on the Discipline component of the Organization 
of Knowledge dimension; the Values and Ethics dimension; and 
the Human Endeavor dimension. 



An examination of the Theoretical Model of Scientific 
Literacy major classes (behaviors) which were represented in 
the Q-statements common to each group for a particular in- 
ferred dimension (see Tables 41-47) revealed that knowledge, 
application, synthesis, and advocating were represented 
three (3) times each. Comprehension, evaluation, and 
valuing were represented two (2) times each; analysis was 
represented once, and behaving was not represented. 

The inferred dimensions of scientific literacy Scien- 
tific Inquiry, Maintaining Current Awareness, Valuing Meth- 
ods of Science, Distinguishing Between Science and Tech- 
nology, and Mutual Involvement of Science and Society 
approximated several Theoretical Model of Scientific 
Literacy dimensions. They were Organization of Knowledge, 
Intellectual Processes, Process of Inquiry, Interaction of 
Science and Technology, and Interaction of Science and 
Society. 

General izations from the Results of the Tests of Null 
Hypothes es 1 (a) and (b) and Null Hypothesis 2 

Three (3) major generalizations seemed to be well sup- 
ported by the results of the data analysis (see pages 
232-234). By examining the results of all the data analyses 
in Chapter IV, additional generalizations were made. These 
were supportive of the three (3) major generalizations. The 
additional, supporting generalizations are presented in this. 



section and are discussed in relationship to other re- 
search findings. 



I. Membership in subgroups of the science oriented 
group or the nonscience oriented group was more 
f™ te ?. to respondents ' perceptions of scien- 
tific literacy than was membership in either 
the science oriented group or the nonscience 
oriented group. 

1.1 University pure science respondents seemed to 
value most high school graduates valuing 
methods of science and being able to distin- 
guish between science and technology; respond- 
ents from more traditional physical science 
disciplines (physics, chemistry) seemed to 
value to a lesser extent the personal involve- 
ment of most high school graduates with sci- 
ence than did respondents from other science 
disciplines (earth sciences, life sciences). 

1.2 University applied science respondents 
seemed to value most high school graduates 
knowing and using factual scientific knowl-' 
edge more so than becoming personally in- 
volved with science. 

1.3 Public science respondents seemed to value 
most high school graduates being personally 
involved with science in their daily lives 
and maintaining a current awareness of new 
developments in science and technology more 
so than being able to distinguish between 
science and technology. 

1.4 University nonscience respondents seemed to 
place less value both on maintaining a cur- 
rent awareness of new developments in sci- 
ence and technology and mutual involvement 
of science and society than did other 
subgroups . 
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1.5 Public nonscience respondents seemed to 
value high school graduates maintaining 
- a current awareness of new developments 
in science and technology and knowing 
and using factual scientific knowledge. 



It appeared that the different emphases on what is 
important with regard to science for most high school grad- 
uates was at least partially related to the respondents' 
study of science. For example, the university pure science 
respondents had taken more pure science courses than had tae 
university applied science respondents who had taken mor* 
pure science courses than had the public science respond- 
ents (see Tables 25, 26, and 27). The same descending re- 
lationship existed for the university nonscience and public 
nonsci^nca respondents. Kimball (1967-1968) found that when 
this variable was controlled science teachers were no dif- 
ferent in their understanding of the "nature of science' 1 
than were scientists. The same might be found with regard 
to persons' perceptions of scientific literacy. 



II. Individual characteristics of respondent. s- were 
related to respondents' perceptions of scien- 
tific literacy. 

II. 1 The age and sex of the respondents pex se 
were weakly related to the respondents' 
perceptions of scientific literacy. 
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In terms of age Stauss (1968) did not find age differ- 
ences within elementary school grade levels to be signifi- 
cantly related to pupils' abilities to achieve mastery of 
science concepts. Helgeson (1968) and Ca:.ay (1968) found 
maturity across elementary school grade l&v«2.3 to be posi- 
tively correlated with pupils' abilities to master science 
concepts. in these studies it appeared that age was a fac- 
tor in the mastery of science concepts only in the sense 
that it was a variable along with other variables which 
described maturity. Perhaps a similar effect was operating 
with regard to the age of the respondents and their percep- 
tions of scientific literacy. 

In most research studies significant differences are 
usually found when sex is used as an independent variable. 
Richardson and Showalter (1967) found in their study that 
boys had a greater interest in science than did girls and 
that they generally took more science courses in grades 
9-12 than did girls. Comber and Keeves (1973) reported on 
an international effort to relate factors in the social, 
economic, and pedagogical domains characteristic of nineteen 
(19) countries to output factors of those countries' educa- 
tional systems. Sex differences were reported in the great 
majority of the countries; boys generally had better cogni- 
tive test scores than did girls in the area of science. 
Richmond (1976) found that in England boys scored signifi- 
cant 7 y higher than did girls on an environmental knowledge 
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inventory. He reported that similar results have been found 
in the United states and in Australia. 

Gallagher (1969) reported that in a study involving 
12,800 senior high school seniors girls had more favorable 
attitudes toward scientists than did boys, but" boys had the 
more favorable attitudes when the consideration was "them- 
selves as scientists." Mead and Metraux (1957) conducted 
a study involving nearly three (3) times as many students 
drawn from private and public secondary schools in diverse 
settings. They found that boys and girls had positive 
images of scientists when they did not see themselves as 
being a scientist or being married to one. They also found 
considerable personal' disinterestedness among both boys and 
girls in science as a schc ol subject. 

In the present study 85% of the respondents were male 
(see Table 7 on page 126). The 15% of the respondents who 
were female were predominantly in the university and public 
nonscience groups. The preponderance of males probably 
masked the relationship between sex and the respondents' 
perceptions of scientific literacy if in fact they existed. 
Future research should take this into account. 

II. 2 An inverse relationship existed between 

the respondents' general level of education 
as indicated by the last year of school 
completed and their valuing of the inferred 
dimensions of scientific literacy for most 
high school graduates. 
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Table 15 page 134 showed that 35% of the public sci- 
ence respondents had advanced degrees but that only one (1) 
public nonscience respondent did. Therefore, the possi- 
bility existed that the valuing of the inferred dimensions 
for most high school graduates might not have been a func- 
tion of educational level of the respondents. It might 
have been a function being associated with the university 
or not being associated with the university. This inverse 
relationship should be investigated through additional re- 
search. 



II. 3 Public respondents, both science and non- 
science, who had completed fewer years of 
school and whose parents had completed 
fewer years of school tended to value more 
practical aspects of the inferred dimen- 
sions of scientific literacy. 



Hamilton (1965) and Comber and Keeves (1973) reported 
positive correlations between parents' educational levels 
and student achievement in science. Mead and Metraux (1957) 
related the negative image of science and scientists held 
by high school students to their parents' attitudes. These 
findings along with generalization II. 3 highlighted the 
sociological influence on persons' abilities and attitudes. 

It appeared that respondents in this present study were 
influenced to value continued learning beyond formal school- 
ing when their mothers in particular had lower levels of 



2 71 



ERIC 



249 

education. This study was not designed to identify relation- 
ships between science achievement or attitudes toward sci- 
ence and scientists and perceptions of scientific literacy. 
Future research could be designed to identify any such re- 
lationships in addition to determining what role the educa- 
tional level of parents plays. 

The variables (educational level o£ persons, educa- 
tional level of persons' mothers, and educational level of 
persons' fathers) could be used as independent variables in 
a blocked design. Three distinct levels of each variable 
(low, medium, and high) should be used. The effects of each 
of these three variables and any possible interactions could 
be investigated by performing analysis of variance. The 
dependent variables would be factor scores on each of the 
inferred dimensions developed with all persons grouped to- 
gether. 



III. The science courses which respondants had taken 
were related to the respondents • perceptions of 
scientific literacy. 

III.l Public nonscience respondents who had 
taken high school courses in general 
science, earth sciance chemistry, or 
physics valued most high school grad- 
uates keeping abreast of new develop- 
ments in science and technology and 
applying science in their daily lives. 
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Gallagher (1969) reported that students who had studied 
chemistry and/or physics as opposed to those who had not . 
were more favorable in their attitudes toward science and 
themselves as scientists. Korth (1969), reporting on the 
same study, stated that those students who had studied 
chemistry and/or physics had a better understanding of the 
nature of the scientific enterprise and a more realistic 
conception of the characteristics of scientists. 

Jaffarian (1968) found (in a study designed to assess 
students' levels of achievement in scientific literacy as 
measured by knowledge of both subject matter and the nature 
of science) that chemistry and physics were being studied 
almost exclusively by' college-bound students and that phys- 
ics was elected primarily by those students who were plan- 
ning to major in a science or science-related field. 

In terms of unique programs or instructional techniques 
two studies were described in Chapter II. Richardson and 
Showalter (1967) studying the effects of a unified science 
curriculum found that students' interest in science in- 
creased after they graduated from high school. Boles (1968) 
reported that teaching biological concepts through instruc- 
tion which placed a fair amount of emphasis on the relation- 
ships of science to society and the social implications of 
science produced higher gain scores than when taught in a 
more traditional way. Students claimed the materials were 
more interesting and less difficult than other science 
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The favorable relationships between student attitudes 
and science courses studied as reported by Gallagher (1969) 
and Korth (1969) and the findings reported in this study 
were mutually supportive. Findings similar to Jaffarian's 
with regard to college-bound high school students studying 
chemistry and physics also seemed to exist in this study. 
Figure 9 on page 140 demonstrated that many public nonsci- 
ence respondents had not studied chemistry or physics. 

It appeared that earth science played a key role in 
generalization Ili.l since it was more frequently a pre- 
dictor of an inferred dimension than were other high school 
science courses. Given the remarks on page 137 and 140 with 
regard to the resurgence of earth science in the secondary 
school curriculum, it appeared that many of the public non- 
science respondents were probably educated in schools which 
had earth science courses. This is additionally supported 
by Figure 9 on page 140 in that the percentage of public 
nonscience respondents who took earth science appreciably 
approached the percentages of science oriented respondents 
who took earth science. Jaffarians' findings with regard 
to physics and chemistry and noncollege-bound students sug- 
gested an examination of Table 15 on page 134. There it was 
found that approximately 60% of the public nonscience re- 
spondents did not hold more than a high school diploma. 
Therefore, it seemed reasonable that many of the public 
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nonscience respondents had not been college-bound and had 
Landed to elect science courses other than physics or 
chemistry. 

An examination of the regression analysis showed that 
for the public nonscience respondents a high school earth 
science course was a positive predictor of an inferred 
dimension three (3) times; high school chemistry was a posi- 
tive predictor one (1) time; high school physics was a posi- 
tive predictor two (2) times; and high school general sci- 
ence was a positive predictor one (1) time. High school 
biology was not a predictor since so many of the respondents 
in each of the five (5) groups had taken such a course; 
that is, it could not' explain enough variance to be included 
in any equation predicting any of the given factor vari- 
ables. 

An examination of Table 8 on page 128 showed that the 
great majority of the respondents were too old to have had 
many, if any, of the National Science Foundation (NfaF) sci- 
ence courses. Even though high school science courses were 
positive predictors for five (5) of the seven (7) inferred 
dimensions for the public nonscience respondents it appeared 
reasonable to assume that these were not NSF science 
courses. This suggested the possibility of future research. 

Research similar to this present study should be under- 
taken with two types of persons. One-half of the sample of 
persons should have studied science using the ABC curricular 
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materials. The other half of tha sample of persons should 
have studied science using materials that predated the ABC 
curricular materials. After inferred dimensions of scien- 
tific literacy and predictors of those dimensions have been 
established they could be compared to determine what influ- 
ence the ABC curricula had on persons' beliefs about what 
is most important for most high school graduates with regard 
to science. If differences are found then the stage is set 
for longitudinal research. In this case the intent of the 
research would be to determine if the respective opinions of 
the two groups of persons remain stable into adulthood, if 
they do not, what changes occur and what causes the changes? 

Conclusions 

A theoretical definition of scientific literacy was de- 
veloped and used to infer dimensions of scientific literacy 
for two groups of persons, science oriented and nonscience 
oriented, and for the two groups combined, with the two 
groups combined seven (7) inferred dimensions of scientific 
literacy were developed. 

These inferred dimensions seemed to approximate the 
Theoretical Model of Scientific Literacy dimensions Organi- 
zation of Knowledge (mainly the Factual component) , intel- 
lectual Processes, Process of Inquiry, interaction of Sci- 
ence and Technology, and Interaction of Science and Society. 
The Generalizations and Discipline components of the 
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Organization of Knowledge dimension; the Values and Ethics 
dimension; the Human Endeavor dimension; and the Interaction 
of Science, Technology, and Society dimension from the Theo- 
retical Model of Scientific Literacy were not distinctly 
represented in the inferred dimensions. 

The inferred dimensions of scientific literacy seemed 
to emphasize the Theoretical Model of Scientific Literacy 
major classes (behaviors) knowledge, application, synthesis, 
and advocating. The others were represented to a lesser 
degree . 

It was concluded that all TMSL major classes were 
viewed as a necessary part of scientific literacy, but 
knowledge, comprehension, and application were most valued. 
It was also concluded that the Factual component more so 
than the Generalizations and Discipline components of Or- 
ganization of Knowledge, Intellectual Processes, Process of 
Inquiry, Interaction of Science and Technology, and Inter- 
action of Science and Society TMSL dimensions were the basic 
theoretical dimensions underlyir.y the inferred dimensions. 

The implication for many of the definitions of scien- 
tific literacy credited to others persons in Chapter II is 
that they had many types of statements which simply did not 
show up in the inferred dimensions of scientific literacy. 
It would appear that many science educators have been oper- 
atino from a perspective that is quite different from that 
of the "layman's" perspective in terms of what is most 
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important with regard to science for most high school grad- 
uates. 

The layman's perspective appears to be much more prag- 
matic than that of the science educator's. In terms of de- 
veloping science curricula this has important ramifications. 
Since citizens ultimately decide on the education of the 
nation's youth, many of these ramifications might already 
be in evidence. Consider the 3R movement in many communi- 
ties, the basic education laws passed by many state legis- 
latures, and the repeated failure of many school district 
tax levies. However, there was good reason to believe the 
layman's perspective established in this study was pri- 
marily influenced by science courses which preceeded the 
ABC curricula courses. The younger generation of adults who 
have studied several of these newer science courses might 
present a different layman's perspective. In which case 
their concerns for education of the nation's youth might be 
different than those concerns which are presently being ex- 
pressed. 

When a comparison of the strength of agreement on the 
inferred dimensions of scientific literacy was made with re- 
gard to science orientation or nonscience orientation, it 
was concluded that few differences existed. However, when 
this same comparison was made for subgroups of the two ori- 
entation gr-.ups (university pure science, university applied 
science, university nonscience, public science, and public 
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nonscience) , it was concluded that differences existed. 
Generalizations 1.1 through 1.5 highlighted these differ- 
ences. 

Generalization 1.1 suggested that even within a given 
subgroup there were differences in agreement on the inferred 
dimensions of scientific literacy. The same was probably 
true for the" other subgroups, if persons who were repre- 
sented by the respondents in these subgroups actually share 
in the desire to have a scientifically literate citizenry, 
then possibly the Theoretical Model of Scientific Literacy 
and the results of this study can facilitate the resolution 
of these differences. 

Individual characteristics of respondents (age, sex, 
and the last year of school completed by the respondents, 
by their mothers, and by their fathers) were related to the 
respondents' perceptions of scientific literacy. Age and 
sex -seemed to be weakly related primarily in combination 
with other variables. Firm conclusions could not be made 
with regard to sex since the great majority of the respond- 
ents were males. 

A synthesis of the data analysis results indicated that 
an inverse relationship existed between respondents' last 
year of school completed and their valuing of the inferred 
dimensions. The majority of the public respondents, both 
science and nonscience, had completed considerably fewer 
years of school than had the university respondents, both 
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science and nonscience. Not until research is conducted in 
which balanced stratification of general education is 
achieved will this inverse relationship be more fully under- 
stood. 

A relationship between the number of years of school 
completed by the parents of the respondents and the re- 
spondents' perceptions of scientific literacy was most pro- 
nounced in the public science and public nonscience rrroups 
when the respondents themselves had completed fewer yuaxs 
of school. It appeared that these respondents whose pair, its 
had completed fewer years of school tended to value more 
practical aspects of the inferred dimensions of scientiifio 
literacy. 

These findings if supported by additional research 
could set the stage for out-of -school education. It 
appeared that the less educated public nonscience respond- 
ents valued maintaining a current awareness of science and 
technology, if values are converted into action then per- 
sons represented by the respondents of. ;his group might be 
a ready audience for mass media education. Likewise, 
evening courses offered through local school districts,, 
junior colleges, or universities might enjoy healthy enroll- 
ments if they were pitched toward recent accomplishments in 
science and technology as opposed to basic science somewhat 
typical of the existing secondary curricula. The imagina- 
tive teacher could build in appropriate science concepts. 
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Prototypes of this appro tch already exist. 

The data analysis indicated that high school science 
courses which public nonscience respondents had studied were 
positively related to their perceptions of scientific lit- 
eracy. This finding implied that more science courses should 
be included in students' studies' instead of less if the edu- 
cational goal of a scientifically literate citizenry is 
truly valued. This would negate the current trend to re- 
quire only one laboratory science course for graduation from 
high school. 

The data analysis also indicated that the high school 
science courses which the respondents had studied were prob- 
ably not the ABC science courses developed through the 
National Science Foundation. This suggested the need for 
additional research. It could compare inferred dimension 
of scientific literacy and associated predictors for two 
types of persons. One group of persons should have studied 
science courses which predated the ABC science courses, and 
the other group should have studied the ABC science courses. 
If differences were found between these two groups of per- 
son- uhen longitudinal research should be undertaken to de- 
termine if either of these two groups of persons change in 
their opinions of what is most important with regard to sci- 
ence for most high school graduates. 
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Recommendations for Future Research 

The college science portion of the INFORMATION SHEET 
should be modified to include four (4) columns. The 
first column should be headed 0 quarter hours and the 
second column should be headed 1-12 quarter hours. 
The influence of reading level of the SLQ on the de- 
velopment of inferred dimensions should be investi- 
gated. 

The influence of TMSL cell representation by the SLQ 
should be investigated by: 

(a) developing a Q-set using the forty-five (45) 
cells which were not used in this study; or 

(b) randomly selecting cells from j the TMSL using 
different criteria than, were used for this study 
and developing an appropriate Q-set. 

The effect of changing the number of Q-statements in 
the SLQ should be investigated. A shortened SLQ would 
facilitate its use in classroom studies. 
The relationship between the sex of the persons and 
the development of inferred dimensions should be in- 
vestigated in a study which includes nearly equal num- 
bers of males and females. 

The relationships between the last year of school com- 
pleted by persons and that of their parents and the 
development of inferred dimensions should be 
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investigated in a study which has a balanced stratifi- 
cation of general education design, 

7. The relationship between achievement in science an<f the 
development of inferred dimensions should be investi- 
gated. 

8. The relationship between attitudes toward science and 
the development of inferred dimensions should be in- 
vestigated, 

9. The relationship between having had ABC curricular 
science courses or having had traditional science 
cciurses and the development of inferred dimensions 
should be investigated. 

10. The size of the five subgroups used in this study . 
should be enlarged such that differences within them 
can be investigated in relationship to the development 
of inferrec dimensions. 

11. ' Studies similar to this one should be undertaken ^sing 

each of these groups separately and in various com- 
binations: 

(a) university science educators; 

(b) senior high school science teachers; 

(c) junior high school science teachers; and 

(d) elementary school teachers. 

12. Research should be undertaken to investigate the use 
of the Theoretical Model of Scientific Literacy 
(TMSL) as a basis for instrument development to 
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assess levels of achievement of the dimensions of 
scientific literacy. 
. Since the R. L. Polk Company, or other companies, 
compile directories for other metropolitan areas, 
this study should be replicated in other areas of the 
United States. 

. This study should be replicated using the same design 
and procedures to determine the validity of the 
present findings. 
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Dlawjasione of Scientific Literacy 








A. 1 Knowledge 
Knowledge lu dewonstreted by 
aciontifically literate peraona 
through thoaa behavior a which 
eaphaaire reiaenberlng, either by 
recognition or recall* Knowledge 
in the fitld of acience can be in 
the fona oft (1) epecificej (2) 
weye end awane of dealing with 
epeV.ficej and (3) genereliratione 
end abatrectione. 


A. 2 C"«prebenei©n 
Coaprebeaaion ie doaonstrsted by 
acientifically literate pereona 
if, wjhen confronted with a communi- 
cation, they know what ie being 
coanmnicstcd and are capable of 
Making sons use of that which la 
contained within the coeemnication. 
"Cosstunication' ie defined very 
generally! it can be in orel, 
written, or concrete form. 


A. 3 A| 
Applicstion i 
sciontif icall 
if, when face 
stic situatio 
appropriate t 
e solution* 
external prom 
abatractiona 
apply them. 


1.0 Factual Coayooont 


I.A.I. 1 scientifically literate 
pereona ehould know several fecte 
about the three, eeperete, end 
Identifiable entitiee in the uni- 
veree-- •eutter, energy, and life. 


I.A.2.1 Scientifically literete 
pereona should understand aeveral 
reletionships be two an the funda- 
swntel entitiea— aatter, energy, 
and life. 


I.A.3.1 Bcis 
persons shoul 
understanding 
about nature 
or to control 


2.0 Generelisatios.B Coaqwoent 

I. The Organisation of 
Knowledge Dimension 


I.A.I. 2 Scientifically literate 
persons ehould know severe 1 major 
generelieatiooe io eon* of the 
principal fields of science. 


I. A. 2. 2.1 scientifically literetw 
person e should understand severe 1 
stajor generalisations in sons of 
the principal fielde of acience . 
I. A. 2.2.2 Scientifically liter,' te 
nereone ehould understand that the 
product of acience ie a body of 
knowledge about the univeree, rang- 
ing free individual obssrvstlcoo to 
Major genereliretiona. 
l.A.2.2.3 Scientifically literete 
• person a should understand that ee 
fecte eru increesed through research 
scientific general iiationa often be- 
come fewer, clearer, end eaaier to 
understand. 


I.A.3.2 Scia 
persons shoul 
erel epproprJ 
elirationa vl 
the environ** 


3.0 Dlsciplins Component 


I. A. 1.3 Scientifically literate 
pereona ahouUI know eoa>e thing eboot 
developawnta in aoawj of the prin- 
cipal fielde of acience. 


I.A.2.S • Scientifically literete 
persona ehould underetand aeverel 
newe stadia reports of new discover- 
ies and advancee in sosu of the 
principal fields of science. 


I. A. 3.3 Scii 
peraons ahou 
porta of new 
of the peine 
while inter* 
envirotvaent. 


II. The Intellectual 
Processes Diaenaion 


II.*. 1.1 Scientifically literate, 
porsone ehould enow bom character- 
iutice of oevorel proceaoee of 

science. 


II. A. 2.1 ScUntificelly literete 
persons should understand hoy sev- 
eral processes of science are 
applied. 


II.A.3.1 SC 

persons ahou 
oral process 
problems*. 
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. -^1^S^£1MM 


Teitononios of Sducational Object lwi 


A. Major Classes of the 

cognitive Domain 

■ • • i 


_.-!■— - ■-■ •• m 

■ -■ 


melon I 
■onetreted by 1 
rata paraona \ 
with a commonl- 
Iwt ia be'ng 
s capable of 
that which is 

• commoalcsSlon. 
ie fined vary 

a in oral* 

• Cora. 


A. 3 Application 
Application ia demonatxeted by 
scientifically litarata poraona 
If, when faced with a. problem- . 
atic situation, they can apply 
appropriate ebstrectione to aeeli 
a aolution. Thera aiuat be no 
external prompting aa to which 
abstraction! to apply or how to 
apply thta. 


A.« Analysis 
Analysis ie denonetretod by 
scientificelly llterete persons 
-„if» «hen presented with "materiel," 
they cen breek it into constituent 
parte and can detect the rcle*ion- 
ships of the parte or the <*ey in 
which th: parte ere organised. 


. A. 5 Syntheais ;-■ • 
Syn the*!* ie demonetreted by » 
scientifically llterete persona .< 
If, when proaented with elemonta 
common to sons phenomenon, they ; ; ; £ 
can combine them In foch ■ way ;.•».. , 
to constitute a pattern or stroc- ( 
ture not clearly there before. />f- 
Thls could be e creetive behavior j C '- 
however. It doea not nave to be . 
elnce tha behavior can be performed 
within a given fra— work. : ;">-* 


ally litarato 
r stand ooverel 
«n tha fandn- 
ittar # energy. 


l.A.3.1 Scientifically litarata 
paraona abould be abla to uaa their 
understanding of factual knowledge 
about nature to explain* to predict* 
or to control nature 1 phenomena. 


I. A. 4.1 Scientificelly llterete 
peraona shoo Id be able to discern 
how factual knowledge developed by 
the scientific community is probable 
rather than absolute. 


X.A.5.1 Scientificelly literate 
peraona should be able to combine . 
reverel fee to ebout matter, energy, ; 
end life in order to develop 
general! tat lona. 


ically litarata 
trstand aavaral 
ma In some of 
la of acianca. 
Eicslly litarata 
iratand that tha 

la a body of 
i universe, raog- 
L observations to 


X.A.J. 2 Scientificelly 11 terete 
paraona should be able to use aav- 
aral appropriate sclent 11 ic gener- 
allietiona while lntorecting with 
the environment. 


l.A.4.2.1 Scientificelly llterete 
peraona should be eblc to discern 
how scientific genereliietions cen 
havo stetic end dynsmlc qualities. 
I. A. 4.2.2 Scientifically llterete 
persona should be eble to discern 
so— differences botwoen theoretical 
and empirical generelisatione. 


Z.A.S.2 Scientifically literate 
peraona should be able to combine 
eeverel emplrlcel end theoretical 
generelitetlons to gein e more 
complete phenomono logical perepec- 
tlva of neture. 


Ma. 

Eicslly litarata 
■ratand that aa 
1 through raaaareh 
iiationa oftan ba- 
rf and aaaiar to 


aj 






cally litarata 
erotand aavaral 

of new dlscover- 
n eomo of tha 
f acianca. 


X.A.3.3 Scientifically litorete 
persons should be able to uaa re- 
ports of new developments in %omm 
of the principal fields of science 
while interacting with the 
environ— nt. 


X.A.4.3 Sclentif'celly I A terete 
persons should be eble to discern 
which fields of science to eeeociete 
with suverel of the new developments 
reported by the news medio. 


I.A.5.3 Scientificelly llterete 
per sons' should be eble to combine 
some new developments in e few 
of the principal fields of sclance 
to eecertain potantlel ratifications. 


ically litarata 
leratand hoy eov- 
acianca ara 


XI.A.3.1 teiontifically literate 
persona should be able to use sev- 
eral ptoceesoe of acianca to solve 
problems .. 


II. A. 4.1 Scientifically llterete 
persons should bo able to discern 
when and how to apply severe 1 pro- 
cesses of science for the solution 
of a particular problem. 


II. A. 5.1 Scientifically literate 
persons should bo eblo to combine 
eeveral processes of sclonco to • 
translate their oxperlonces with 
the environment into knowledge. 
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B. Major Classee of the 
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viorrt 
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foiwd 


A.S Evaluation 
[ Evaluation is, demonstrated by 
j ecintificslly literate persona 
I it, when presented with I deciaion- 
; Mking aituation, they can judge 
tht value of ide«t| worke, eolu- 
tionif Mthodii Mtorlelo, or tht 
like, Tht Judgments My bo lithtr 
, quantitative or qualitative end My 
i- bt sada with criteria which are 
: developed internally or externally 
| to tht persons. 


0.1 Valuing 
Valuing ie disonetrattd by 
scientifically litsrsts persons 
in their willingness to attach 
worth to. son thing, pbenoMOon, 
or behavior* The act of valuing 
soMthing in particular la for the 
•oat part a social or educational 
product which has been slowly 
internal ited by »be persons* 


1.2 Behaving 
Behaving ia desonetrated by 
scisntlficslly literate persons 
when they ect on or uie that which*"* 
ia valued by thee. Their actions 
uy attend, My refine, or My 
deepen their involvtsent with that 
which ia valued. 


B,} Advocating 
Advocating is desonstroted by 
scientific! Uy literate persons ; 
if they try to convince other e of 
the worth of e particular course 
of action. This advocacy My be 
with respect to that which ie 
valued or with reepect to a ratifi- 
cation of that which ie valued. ' 


Its 
ilot 


i 1X6.1 Scientifically liunta 
pereons should bt iblt to judge 

; tht nlut of tht utilHaiiw and 
control of som sspeftta of *iturs 
using their understating factual 
koowltdgt. 


I.B.I. 1 Seientificelly litsrsts 
pereons should valus hiving an 
adequate factual knowledge base 
with regard to Mtter, energy, 
and life. 


I.B.2.1 Scientifloally literate 
ptrsons should contribute flnanolal- 
ly to Kientlfio wort which ittesptt 
to enhance the factual knowledge 
biM ebout Mtter, energy! life. 


I.B.1.1 Scientifically litMti. 
pereons should support Conerssslonal 
bills which provide ttpendituree tor 
basic .scientific research. 


hi. 

iu 

Leil •' 

ft : , 


tshJU Scientifically literate 
. pereons tboaid bt iblt to jodge thn 
value of tba utiliiatioo and control 
of toet aaptota of nature using the 
their underetanding of Kientlfio 
gtnoraliietione. 

V 


I.B.I. 2 Scientifically literate 
persons should vslus gsnsrshistlons 
ss fom of scientific knowledge 
which are sore powerful than the , 
dlscrsts obsorvstions free which 
they were developed! 


1.1.2.2 Scientifically literate 
persons should define som neceeeary 
directions that sclsnce ehould pur- 
sue based upon the limitations of 
espirical and theoretical 
geserelitatione. 


U.J. 2 scientifically literate 
pereone ahould support the useful- 
nsss of scisntlf ic generalisations , 
for uae in identifying prosieing 
Mane to extend the unpretending 
of natural pbtnoeana. 

4 


iii 

M •.. 

net' 

' ' 


r" "■ " - — — 

i 

? 1Jfc.f.2 Scientifically literate 
persona ehouid be able to judge tht 

i voluo of iipecto upon their lives 
by sost new developments In a fen 

• of the principal fields of science, 

i 

i ,' 
t 1 


t.B.U Seientificelly literate 
persons should valus sllotting tlM 
and expending energy to keep their 
knowledgs of science current, 


1.0.2.14 Scientifically literate 
persons should allot tlso and expend 
energy to keep in touch with s broad 
variety of scientific developments, 
1,0.2.3.2 Scientifically litsrsts 
persons should allot tise and expend 
energy to keep up with at least one 
area of science which is of partic- 
ular interest to thee. 


LBJJ Scientifically literate 
parsons should support Mans to 
narrow the gap between frontier 
research and tho general public's 
understanding of aclenee. 


— 

* 

i... •: 


| n.M.i Seientificelly lltcreto 
) persona should bt able to Judqe the 
j value of the utilisation and control 
of som aspects of nature using 
\ several processes of acltace. 

o 

ir . ■ ■ 


ILI.ll Seientificelly literate 
pereons should value processes of 
scioncs *s nodes of ioquAry* 


IT.D.2.1 Scientifically lltQUte 
persons should display In everyday 
docision-wking s belief in eeversl 
procoaeee of solonce: 

4 


1LB.U Scientifically Utetatw 
person* should Mfiflrt knowledge 
that hsi been fomulatft' -snd tested 
through Mic tie of science pivccssos. 






ill. a. 1.1 Scientifically litorato 
iioriKMin ylMHild know noaw chaiuct «t- 
letlce of acvoral valuon and ethlce 
which undorlla eelence. 


lit .a._3.1 Scientifically lltorato 
pu V son s*anou Id undo rat and how «cv~ 
aral valuos and ethics undorlla 
scionce. 


• .' : - W/h 

HI. A.J.I Suii>ntificnlil 
persona ahould bu able U 
oral veluua and ctltioa wl 
lis scionco while inter* 
tha environment. ' 


HI. The Valuos and 

Ethics Dimension 






: :M 


llV. The Proceee of 
I Inquiry Dimension 


IV. A. 1.1 sclantlf Ically lltarato 
persons ahould know some ways in 
which tha generation of naw scien- 
tlflc generalisations depends upon 
tha joint use of processes of sci- 
anca and established aclantlflc 
gsnerallsatone. 


IV. A. 2. 1.1 Scientifically litsrata 
parsons ahould undsrstand that tha 
scientific sf fort sterna froa a con- 
palling doalra of mankind to under- 
stand tha environment. 
IV.A.2.1.2 Scientifically literate 
paraons should undsrstand that a 
basic characteristic of tha scien- 
tific effort la a. faith in tha 
eusceptlbllity of nature to human 
ordering and understanding. 
IV.A.2.1.3 Scientifically litsrata 
parsons should undsrstand that in 
tha seerch for knowledge the scien- 
tific effort is s dynaeic* proceee- 
orisnted activity. 
IV. A. 2. 1.4 Scientifically literate 
persons should underetand that in 
the ecientific effort an attempt le 
conetantly made to eimplify end to 
lncreaee the compreheneiveness of 
scientific gensralizatione. 


' ' . - . • :.'*:') 
IV. A. 3.1 Scientifically 
persona ahould be able t 
ly soma processes of sol 
their understanding of i 
gonerallsatione while ii 
with the environment. 

•' "'I 
. . 1 

j 


[v. the Himan Endeevor Dimenaioo 


V.A.I. 1 Scientifically lltarato 
parsons should know eome character- 
lstlcs of selsncs as It exiete aa a 
bosun ecterpriae. 


V.A.2.1 Scientifically literate 
pareons ehould undoretand some aa- 
pecte of acionce ae a man-made 
structure of human origin. 

fc= : 


■ J 

V.A.3.1 Sclent If ically 
peraona ehould be able j 
biographical accounts c 
tlet'e life to develop; 
tlve of hie work. 

j 


Ivx. The Interaction of Science 
I and Technology Dlmeneion 


VI. A. 1.1.1 Scientifically lltsrats 
parsons snould know that tha primary 
goal of scisncs Is to understand 
tha univsrso and that tins primary 
goal of technology is to develop 
utilitarian products. 
VI. A. 1*1. 2 Sc.lentif icolly litsrata 
parsons should know something about 
tha interrelationships batwaan 
scisncs and technology. 


' VI. A. 2.1 scientifically literate 
• pereone ehould understand sons ae- 
i pacta of interrelationships between 
science and technology. 

i 

i ' 
t 


VI. A. 3.1 Seientlf lcali 
pereone ehould be able 
underetendingc of eciei 
ledge to operate useful 


. |V1I. Tha Intonation of Scianca 
1 I and Society Dimension 


VII. a. 1.1 Scientifically litsrsts 
paraons should know something shout 
Jnterralstionships between scisncs 
and society. 


VILA. 2.1 Scientifically literate 
pereone ehould undoretand eoma ae- 
pecte of interrelakionehipe between 
acience and society. 


VII .A. 3.1 Sclantlf lca| 
pereone ehould be able' 
social* political* and 
spectivss to underatani 
ef forte during a given 


IviXI. Tht* interaction of Scioncs, 
1 Technology, and Society 
1 Dimension 


VIII. A. 1.1 Scientifically literate 
persons should know eomcthinn about 
interrelationship" between science. 

technology* .and eocict y. 


VIII. A. 2.1 Scientifically literate 
peraona ahould underetand eome ee- 
pecte of intei relationship* butweon 
ecienco* technology* and society. 


VIII. A. 3. 1 Scientific 1 
peraona should ho able 
roccnt eclnntifia and! 
developments to augged 
effects on vocational j 
el opportunitioe with! 
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ate 
cv- 


Ul.A.J.i Scientifically literate 
pereaes should Im able to um mi*v- 
aral values and stblc* which under- 

X1S PCienCv wniUI ihm««vv»ipj i*vm 

tha environment. 


iri.h.4.1 Scientifically litorate 
poraons should bo ablo to, discern 
how the universal characterietio of 
sclcnco la not affected by particu- 
lar rellnlona, political beliefs, 
or geographic localoe. 


111. A.S.I Scientifically litorato *; 
persona should bo ablo to combine) i-.<J. 
several values end ethics which 
under lio scloncc with valuee and 
ethice f roe other eourcme. 



9 


arata 
tha 
coat 

oder- 

arata 
a 

leo- 
aao 
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XV. A. 3.1 scientifically literate 
peraona should be able to use joint- 
ly some processes of aelanee vith 
tbelr unde ra tending of scientific 
generalisations while Interacting 
with the environment. 


IV. A. 4.1 scientifically lltarata 
persons should be able to discern 
mm of the interdependences be- 
tween proceaaea of aclanca and 
derived aclentlflc generallaa- 


IV. A. 5.1 Scientifically literate 
persona should be able to combine 
km processes of aclenca with 
their undcretanding of eclantlCle 
generalizations to develop gem** 
erallsatlons about nature. 

. ; 


ita 
i ee- 
i 


V.A.3.1 Scientifically iitsrsts 
paraona should be able to use mm 
biographical accounta of a scien- 
tist's life to develop e perspec- 
tive of hie work. 


v.A.4.1 Scientifically literate 
persona should be able to discern 
som thing of what causes sclent lata 
to take diverse positions on partic- 
ular problems which era being 
studied . 


V.A.S.l Scientifically HUrete , , 
persons should bm abla to combine 
soae aapecte of scientists* work 
with some given perspectlvee of 
the time per lode in which they 
lived to better undaretand their 
work. 


rata 
a ae- 
■twomn 


vi. A. 3.1 Scientifically lltarata 
persons should be able to use their 
understandings of scientific know- 
ladga to operate uaeful devlcea. 


VI. A. 4.1 sclentlficelly iitsrsts 
persons should be abla to discern 
products of science frost product! 
of technology. 


VI. A. 5.1 Scientifically literete 
persons should be abla to combine 
seam advancemente In science with 
some prior edvancesmnte in technol- 
ogy, end vice versa, to see how each 
depends upon the other. 


irate 
■ »»- 
■tween 


VtI.A.3.1 Scientifically lltarata 
persona should be able to use eome 
social, political, and economic per- 
' spectlves to understand aclnntlflc 
af forte during a given time period. 


VII. A. 4.1 Scientifically lltarata 
peraona should be abla to dlacern 
bom beneficial or harmful lapacte 
^■fr ■piinn *m1 aocletv have upon 
aach other. 


vll.A. 5.1 Sclentlficelly literate 
persons should be sbls to combine 
severs! sspects of society with 
some eclentlflc dsvelopmente within 
that eociety to- identify a few in- 
terrelationships between sclancc 
end eociety. 


tarata 
e ae~ 

otwcen 
■ty. 


VIII. A. 3.1 Scientifically literate 
persona should bo able to use sneo 
recent sclnntifij and technological 
diiveloHK-'ntu to sugusst potential 
effects on vocational *n*l avocatlon- 
al opportunities within a society. 


Vlll.A.4.1 Scientifically literate 
persons should bo abla to dlscorn 
how some Innovations in science snd 
technology enn roarrenqo political 
relet lone 'through chanyoe in tho 
power and economic balances of the 
world. 


VIII. A.J.I- Scientifically lltarata 
persona should be able to combine 
somo rolos played by aclcnce, tech- 
nology, and eociety to solve prob- 
lo*a raced by Mankind to ldontlfy 
some intorrolatlonahlps between 
science, technology, and society. 

— fms 



KB 
f- ' 

p. 


>*n.AXi fki^tific^ny it»<»rato 

l>?r sons ahould bo abla to, jtudic the 
? v*luu of tbo utilisation and control '■; 
ftejf, mm Mpooti 'of mature using sev* 
ejftiaV' vales* asm! mtnlco VhtcH -moder--- 
:;tlie science. ■ 

j 


person* should value for their own , 
lives sons of tha values 'and ethics 
; w&eb underlie science, -Jj^; 


^^'.VV.-i : •>'>.*';•..■ ;• 'ri 1 .-, 

*■■' V. >;-,;.*!.■/' :.'f ■'■i*.' J ■■" ■■■■ •:".\'; s >; * •; . *v » • . V;- 
■f. <u*S v -v^-'. . ■ ;W ( 
U^n. 2.1.1 KciontifltMlly iltitr.it*: 

: pernohn should ufwiitaa 'evidence; 
only; those obourvjt iunn which twvu : : v 
been teado with tho gtoatcat of care 

"po*stblc iml rcpojrtwl"wt'th "the i v w 
groa tost accuracy feasible. 
III. 0.2,1. 2 SclontiflLMlly Utcrats 
persona should; rojoct nyths, 8U|*r* 
stitipns, and parsonal opinions la 
favor of scientific ovidenee, 
HI.B.2.1.) Scientifically literate 

, persons should bo open-ninded, crit- 
ical, end ekeptlcal to the degree 
that they question the validity of 
even their own conclusions. 
2Il.ft*2.1.4 Scientiflcelly literate 
persons should woigh evidence in 1 
order to accept or roject conclu- 
sions in terns of the date that 
support them. 


i ;:iii;i;ia;r^i^iCi 'wifti- i • 

croons shtHiia sujejort 4 |4tilosophy ^ : 
which dt^tiUs i hat observat ions and , ' 
conclssions must be subject : tojLiiil: „ 
^^objectivo criticism, analysis,- .■ejmV-;. < 
review by the entire populace. . V v - 




XV.A.C.l Scientifically Uterete 

MYtOO* SAttvld b* able tO jUOff the 

degree of teatativaneee of tost aci- 
entif ic general iittioni knowing that 
science is not * sUtlo accusals tioo 
of information. 


v IV. ft. l.l Scientifically lltarete 
paraona ahould value too proceaa 
of genarsting new scientif ic gen- 
erelixatlons via an interplay be- 
tween procesiea of aoiance and 
established scientific generali- 
sation*. 


IV.B.2.1 Scientifically literate 
persona ahould diaplay in their 
everyday* decision-making a belief 
in tha Interrelated use of pro- 
ceseea of science and aatabiiehed 
scientific genera lisatione. 


IV.B.J.t Scientifically litareta 
persons should support science ss e 
mesne by which knowledge can be 
generated snd mankind 1 e under a tend* 
log of as tore earn ba enhanced. 
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V.A.%\1 SeisntificsUy lltarete 
psrsona ahould M abla to Judge the 
■orality of eci/intists' work. 


V.B.l.i Scientifically litarata 
persons should vslue e scisntist's 
work even though it la later found 
not to (it within tha accepted 
network of ideaa used to oxploin 
nature. * 


V.B.2*i Scientifically literate 
persona ahould accept eciantlate as 
people, who Ilka other people era 
distributed over the whole apectrun 
of human folly and wisdom. 


V.B.3.1 Scientiflcelly literate 
peraona should aupport efforte to 
hold scientist! responslbls for 
making their work public. 


its 
tli 

BOl- 
MCh 


VI. A. 6.1 Scientifically litarata 
parsons ghoul* ba abla to judge tha 
worth of km produote of aeianca 
and some prodocta of technology 
using approprlato criteria • 


VI.B.i.l Scientifically literate 
paraone ahoold value advancements 
in aciance and technology keeping 
pace with ons another. 


VX.B.2.1 Jcientifically litarata 
paraona should display in thair 
political dacieion-making a belief 
in equitable financing of both the 
scientific snd technological 
efforts. 


VLB. 1.1 Scientiflcelly literate 
persons should support tha need for 
eu adoquata .supply of scientific 
and technological manpower. 


it* 
M* 


VXl.A.ft.l Scientifically litarata 
paraona ahoold ba abla to judge tha 
wisdom of government el daeiaiona 
; using their undsretsndlng of intor- 
' rslstionships between aeianca and 
society. 


VXX.B.1.1 Scientifically literate 
persons should vslus viewing the 
scientific enterprise within the 
broad perspectives of society. 


vix.B.2.1 Scientifically literate 
peraona ahould develop intelligent 
opinions concorninq the miel and 
moral raaponsibillties of aciance. 


vii. fc. 3.1 Scientifically literate 
persons Should support socletel con* 
ditlons within which scisnce csn 
thrive. 


•tt 

t 

pa 


Vni.A.1,1 Scientifically literals 
parsons ahoold bo able to Judge sons 
potontiala and limitations ot set- 
enoo and technology for improving 
human, welfare. • 

JO 


VIII.B.1.1 Scientifically litsrsts 
persons should value socistal inno- 
vations keeping pace with scientific 
and technological innovationa In 
order to improve the condition of 

MAkiUBi 


VtlI.B.2.1 Sclentificallv lltarete 
persons should qusrd against science 
and technology being seen ss s curs* 
sll lor sll of mankind's problama. 
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VHI.B.3.1 Scientifically litarata 
persons ahould aupport the need to 
changn societal values ss mankind's 
sbllity to regulete the envirofimsnt 
lnoreasee. 

' ■ * ■ 



Appendix B 

Sorting Instructions for the 
Scientific Literacy Q-set 
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INSTRUCTION'S FOR USING 11tE 
SHALL CARDS AMI) SMALL ENVELOPES 



To use these cards and envelopes, you will need a flat area like a desk or a table. First, 
spread the envelopes across the flat area with the envelope marked -14 on the far left- and with the 
envelope marked -4 on the far right. The other envelopes will be spread in the middle. When you are 
done, your envelopes should be placed as pictured here: 
Flat Area 

ED ED ED ED ED GO ED ED ED 

M0ST LEAST 
IMPORTANT IMPORTANT 
On each card is 3 statement. As you follow the instructions, you will be sorting the cards in 

terms of how important you think each is. The thought to keep in your mind at all times is: " What 

should be expected of most high school graduates with regard to science ?" 

Here are some definitions of words used on the cards: 

MOST HIGH SCHOOL GRADUATES: nearly all young people who have Just graduated from a high school 
MATTER: that of which all things are made 

LIFE: that which makes an animal or a plant different from matter 

ENERGY: that which through some means can affect matter or life 

FACTS: the statements that something was done or that something exists 

MAJOR IDEAS: that which is the result of combining facts in order to explain something 

SCIENCE: the effort to understand matter, energy, and life 

FIELDS OF SCIENCE: examples of these are physics, chemistry, biology, and geology 
SCIENTIST: a person trained to understand matter, energy, and life 

TECHNOLOCY: the use of what is understood about matter, energy, and life to make things 
SOCIETY: a group of people who work together to exist 
MANKIND: all people in the world 

ENVIRONMENT: that which is around or which has an effect on something 
DO NOT READ ALL OF THE INSTRUCTIONS NOW. PLEASE FOLLOW TTIEM ONE STEP AT A TIME. 

STEP 1. Read quickly through all of the cards to get a feeling for what they say. You do not have 
to keep the cards in order. 



STEP 2. Sort the cards into three (3) nearly equal piles so that: 

(a) those cards on your left are the cards which you believe are MOST IMPORTANT; 

(b) those cards on your right are the cards which you believe are LEAST IMPORTANT; and 

(c) those cards in the middle are the cards which you do not feel so strongly about. 
Dividing the cards this way means only that you like some cards more than you do others. 

STEP 3. Spread the cards in the left-hand pile so that you can read them easily. Choose five (5) 
cards which you believe are the MOST IMPORTANT of all and place them on the +4 envelope. 

STEP 4. Spread the cards in the right-hand pile so that you can rend them easily. Choose five (5) 
cards which you believe are the LEAST IMPORTANT of all and place them on the -4 envelope. 

STEP 5. Co to the left-hand pile and choose five (5) cards which are the next MOST IMPORTANT. 
Place them on the +3 envelope. 

STEP 6. Go to the right-hand pile and choose f ive (5) cards which are the next LEAST IMPORTANT. 
Place them on the -3 envelope. 

Note; IF. AT ANY TTY.Z YOU CHANGE YOUR MIND ABOUT A CARD YOU HAVE PLACED IN A PILE, FEEL FREE TO 
CHANGE IT JO ANOTHER PILE. 

STEP 7. Go tn the left-hand pile and choose five (5) cards to place on the +2 envelope. You may 
have to take cards from the middle pile in order to have enough. 

STEP 8. Go to the right-hand pile and choose five (5) cards to place on the -2 envelope. You may 
have' to take cards from the middle pile in order to have enough. 

STEP 9. Go to the left-hand pile and choose five (5) cards to place on the +1 envelope. Again it 
is alright to take cards from the middle pile. 

STEP 10. Co to the right-hand pile and choose five (5) cards to place on the -1 envelope. Aga.n it 
is alright to take cards from the middle pile. 

STEP 11. You should now have five (5) cards left over. Place these on the envelope marked 0. 

STEP 12. Read back over each pile, starting on the left-hand side, to make sure that you have placed 
the cards where you really wanted them. If you change any of the cards around, please make 
sure there are five (5) cards in each pile when you finish. 

STEP 13. Please place the cards in their envelopes; for example, the five (5) MOST IMPORTANT cards 
go in the +4 envelope. Please fold the flaps in to hold the cards in place. 

STEP 14. Please place the snull envelop es and the INFORMATION S HEET into the stamped, return 
envelope and mail it irwnedi.iLcly . 

THANK YOU AGAIN FOR YOUR COOPERATION 
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The Scientific Literacy Q-set (SLQ) 
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INFORMATION SHEET 

A. Please check: (1) femnle; (2) male £ 

B. Circle the number in front of the choitc which includes your age. 

(1) 1C - 25 years (3) 36 - 44 ye.nrs <5) 55 - 65 years 

(2) 26 - 35 years (4) 45 - 54 years (6) 66 years or older 

C. Are you retired? (1) yes; (2) " no 

D. Please describe your occupation, or what it was when last employed. Please be complete so that 
we can determine how much it involves the use of science or technical skills. 



1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 










13 


:a 


15 


16 










17 


18 


19 


7.0 


21 


22 


23 


24 



B. What is the name of the last school which you attended? _ 

F. Please circle the last year of school which you completed 
Elementary School: 
Secondary School: 
College: 

Graduate or Professional School 

C, What was the last year of school which your mother/guardian completed? 

H. What was the last year of school which your father/guardian completed? 

I. Please circle the number in front of the highest diploma or degree which you have: 
(1) Junior High (2) High School (3) Two Year College (4) Bachelor's (5) Master's 
(6) Doctorate (7) Other, please describe: 



Please check below all of the science courses which you completed in school and indicate the 
number or quarter hours of science courses which you completed at the college level. Multiply 
semester hours by 1.5 to get quarter hours. 
Junior High School r«i i . MM 4 A _ 

— College: major ; minor 



5? 5 n °" , Graduate or Professional School : 

7tn grade science — — 

Cth grade science « a Jor__ minor_ 



9-12th Grade Number of Quarter Hours 

Do' not know 37 " 

, general science Biological sciences ^ 

earth science Physical sciences 

biology Earth sciences 

chemistry Engineering courses ZZH Z 

physics Other ____ 

othrr, please describe: Please describe: 



THIS INFORMATION SHEET SHOULD BE PLACED IN THE STAMPED, RETURN ENVELOPE. AFTER YOU HAVE DONE 
THAT, PLEASE CO TO THE INSTRUCTIONS FOR USING THE SMALL CARDS AND THE SMALL ENVELOPES. 
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Waiver of the Human Subjects 
Consent Form 
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Protocol No. 76B 061 



THE OHIO STATE UNIVERSITY 

RESEARCH INVOLVING HUMAN SUBJECTS 
PROPOSED USE OF HUMAN SUBJECTS: ACTION OF THE REVIEW COMMITTEE 

The Behavioral Sciences . Review Coirmittee has taken the 

following action: y 1. Approve 

y 2. Approve with Conditions 

3. Disapprove 

with regard to the employment of human subjects in the proposed research 
entitled: The Development of a Model to Determine Perceptions of 

Scientific Literacy _^ 

Arthur L. White/Lawrence L. Gabel is listed as the principal 

investigator. 

The conditions, if any, are attached and are signed by the committee 
chairperson and by the principal investigator. If disapproved, the reasons 
are attached and are signed by the committee chairperson and by^tfite medicaj 
or other consultant, if any. ^ 

* 1 9ned Si gned 

(med i c a 1 or other consultant) 

Date March 4, 1976 




PA-025 
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Research Summary 
College of Education 
Human Subject Review Committee 



Title of Proposed Activity i The Development of a Model to Determine 

Perceptions of Scientific Literacy 

Principal Investigator i Lawrence L. Gabel 

Faculty i Faculty of Science and Mathematics Education 

Date\Submittedi February 23, 1976 



1. Brief statement of problem, and primary objectives 

The needs for this study have been inferred to bei 

1. There is a need to define the construct "scientific 
literacy" in order toi 

a. have a valid, comprehensive* and functional definition 

. at the present time. 
b# facilitate communication in reference to an educational' 
goal of developing scientifically literate citizens. 

c. provide a basis for developing science education programs 
which will enable students to attain appropriate levels 
of scientific literacy. 

d. provide a basis for developing an . instrument to assess 
student achievement in the identified dimensions of 
scientific literacy. 

2. • There is a need to seek extensive input from individuals 

with varied educational, experiential, and environmental 
backgrounds in the process of defining scientific literacy. 

3. There is a need to find correlates of the value positions 
with regard to scientific literacy for those groups of 
individuals which provide value positions. 

Persons in two occupational groups will be identified, science- 
oriented and nonscience-oriented, and a sample of persons will be 
randomly selected from each group. To these persons a questionnaire 
(pertinent to Need Statement 2) and a Q-set of statements pertaining 
to scientific literacy (pertinent to Need Statement 3) will be 
administered. Each person's data, generated vie? these two instruments, 
will be used as a part of group data, for example, as a part of the 
science-oriented group. The research is short term and is designed 
to clarify the construct "scientific literacy." 

2. Description of human subject involvement 

The persons in each of the two occupational groups will be randomly 
selected from two public directories i 1) The Ohio State University 
Directory i Faculty and Staff . 1975-76 and 2) The 1975-76 R. A. Polk 
Directory for Franklin County , Ohio . One hundred fifty professors 
(assistant, associate, and professor) will be selected from the university 
directory, and two hundred persons will be selected from the county 
directory. The instruments will be mailed to each person selected for 
the study. A letter will be included i 1) to briefly explain the nature 
of the study i 2) to explain that their responses will be with . complete 
anonymity i and 3) to identify the investigator and the means by which 
further information can be obtained about the study. It should not take 
longer than forty (40) minutes for the persons to resond to both instruments. 
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3. Perceived risks 



Perceived risks to individuals participating in this study 
should be minimal or nonexistent because i 

1) the information sought from each person is not self-incriminating 
nor is it self -demeaning. 

2) participation by each person is at his or her discretion. 

3) each person is informed in the letter accompanying the 
materials that everything is done with anonymity. 

4) Each individual set of data will be identified numerically 
upon receipt by the investigator and will be coded as such 
for computer analysis. 

5) All data will be grouped for analyses. None will be treated 
as coming from an individual respondent. 

4. Safeguards for subjects 

The safeguards for subjects have been described in Part 3 as 
a justification for stating that the perceived risks should be 
minimal or nonexistent to the participants. As a consequence, 
this investigator is requesting a vaiver of the requirement to use a 
consent form with each person selected for this study, if this 
request is denied, the following consent .fprm would be used. 
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Protocol No.. 

RESEARCH INVOLVING HUMAN S UBJECTS 
CONSENT TO SERVE AS A SUBJECT IN RESEARCH 

BEHAVIORAL AND SURVEY RESEARCH FORM 

I consent to serve as a subject in the research investigation entitled: 

The Development of a Model to Determine Perceptions of 
Scientific Literacy 

The nature and general purpose of the research procedure have been ^explained 
to me. This research is to be performed by or under the direction of Dr. Arthur 
. mute , who is authorized to use the services of others in the perform- 
ance of the research. 

I understand that any further inquiries I make concerning this procedure will 
be answered. I understand my identity will not be revealed in any publication, 
document, recording, video-tape, photograph, computer data storage, or in any 
other way which relates to this research. Finally, I understand that I am free 
to withdraw consent and discontinue participation at any time following the 
notification of the Project Director. 

Signe d 

(Subject) 

Date 

or 

Time t P.M. 

Witness - (Auditor) 

Lawrence L« Gabel 

Investigator ~~ 

PA-027 
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THIS OHIO STATE UINIVKKSITY 
April 5, 1976 



Each day science plays a big role in our lives. There is a need to 
determine what will best prepare high school graduates to face this. At 
The Ohio State University we are working on this very important task through 
dissertation research. We need your help. 

Ve are asking that you do two things with the materials in the packet 
which you received. You do not have to know about science to work with these 
materials . It will take about 20 to 40 minutes of your time. 

1. Please complete the INFORMATION SHEET. Do not put your name on it; 
we want the information to be confidential. 

2. Follow the step by step INSTRUCTIONS FOR USING THE SMALL CARDS AND 
SMALL ENVELOPES. 

When you finish, please return the materials to us by mail. Use the 
stamped, self -addressed envelope. Mail the postcard at the same time. It 
will tell us that you have finished and returned the materials. Please send 
your completed materials by April 23, 1976. If you have any questions, please 
do not hesitate to. call Mr. Gabel at 422-6717 during the day or 891-4454 
during the evening hours. 

Thank you very much for your help. 

Respectfully yours, 



, Lawtence L. Gabel 
Principal Investigator 



Dr. Arthur L. White 

Professor of Science Education 



College of I'ducalion I l-acull) of Scieiu.c and MjthcirutK-i liducaiion - W4* North High Stictt Colufflhuv, Ohio 41210 , Phone (614) 422-4121 
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